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FACTORS AFFECTING CERTAIN PROPERTIES OF A 

MOSAIC VIRUS 1 

By H. H. McKinney 

Pathologist in Charge of Cereal Virus Disease Investigations, Office of Cereal 

Crops and Diseases, Bureau of Plant Industry, United States Department of 

Agriculture 

INTRODUCTION 

Reports on the mosaics of the winter cereal crops ( 16 , 18 ) 2 indi¬ 
cate that it is difficult to make a systematic study of the virus and 
of certain important phases of the diseases. That the grass mosaics, 
under present conditions, are not suitable for use in many of the 
important fundamental studies of the viruses and of the diseases 
seems to be very evident. In the case of the winter cereals and 
corn a large part of this difficulty is accounted for by the fact that 
these crops do. not develop normally under ordinary greenhouse 
conditions, or in the field, out of their natural growing seasons. 
Moreover, the virus extracts of all grass mosaics seem to lose their 
potency rather rapidly after they are expressed by the methods now 
employed. 

A study of the literature on the mosaic diseases of the dicoty¬ 
ledons shows that many of the difficulties which are associated with 
the grass group are not important and* do not constitute serious 
obstacles in the study of certain mosaics of dicotyledonous plants. 
As a result, much experimental work has been possible on the prop¬ 
erties of the viruses of such mosaics as those of tobacco, cucumber, 
and tomato. 

Practically no work has been done on the properties of the viruses 
of the grass mosaics. No study has been made of filtration and noth¬ 
ing is known of the tolerance of these viruses to temperature and chemi¬ 
cals, except that inert mineral oil ( 6 ) and acetone ( 9 ) areclairaed to 
favor the extraction of potent virus from mosaic-affected sugar cane. 

In connection with the writer’s studies on winter-wheat mosaic, it 
became necessary to determine whether there was justification for 
carrying out laborious experiments on the wheat plant and the virus 
in order to reach the point where the properties of the virus might 
be studied according to the current methods employed in studying 
the virus or viruses of the tobacco and cucumber mosaics. There 
was considerable doubt as to whether the results of similar investi¬ 
gations of the properties of the virus of wheat mosaic would be 
sufficiently trustworthy or significant to warrant the extensive pre¬ 
liminary studies necessary. Moreover, it seemed evident that the 
proper understanding of the grass mosaics and their viruses depended 


1 Received for publication Nov. 30, 1920; issued July, 1927. Cooperative investigations between the 
agiicultural experiment station of the University of Wisconsin and the Office of Cereal Crops and Diseases, 
Bureau of Plant Industry, U. S. Department of Agriculture. 

2 Reference is made by number (italic) to “ Literatuie cited,” p. U 
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on the solution of certain basic problems which might never be solved 
to best advantage on the grasses. 

Some time ago it was pointed out (17) that an investigation should 
be made to determine the influence of plant extracts on the behavior 
of viruses. At that time it seemed very doubtful if the differences 
in the properties of virus extracts obtained from different species of 
plants, as determined by present methods, could be considered spe¬ 
cific for the viruses themselves, and it appeared evident that the 
value of property studies depended to a great extent on the develop¬ 
ment of methods which would make it possible to obtain a virus in a 
more nearly pure state. 

The literature indicates that the properties of microorganisms and 
certain biochemicals are greatly affected by the nature of the dis¬ 
persing medium and by other factors, such as the number of organisms 
and the concentration of the biochemical. It seemed entirely possi¬ 
ble, therefore, that the properties of such viruses as those of cucumber 
mosaic (7) and tobacco mosaic (1) might be explained wholly or in 
part on the basis of differences between the extracts of the two 
species of plants and not necessarily on the basis of any specific 
differences between the viruses. 

The writer (17) pointed out the desirability of testing this theory 
by studying the properties of a given virus after passage through 
different species of plants, and, after an absence of several months 
from the Wisconsin Agricultural Experiment Station, planned to 
carry out such experiments on his return to that station. However, 
after this report (17) was submitted it was found that similar studies 
were just being started at Wisconsin by M. N. Walker. In view of 
this fact the writer modified his original plans so as not to include 
the cross-inoculation phases. Accordingly, all of the inoculations 
reported in this paper were confined to one species of plant, namely, 
tobacco, and the studies on the effect of plant extracts on the virus 
were carried out in vitro. 

REVIEW OF LITERATURE 

Bigelow and Esty (5), Esty (11), and Esty and Williams (12) have 
shown that the thermal death points of the spores of many ther¬ 
mophilic bacteria isolated from canned foods are influenced by the 
number of spores, the hydrogen-ion concentration of the medium, 
and the nature of the medium other than its hydrogen-ion con¬ 
centration. 

Bigelow and Esty (o) show in their Tables 4, 5, and 6 that the 
thermal death points of spores of 19 different thermophilic bacteria 
are affected by the concentration of the spores when all other factors 
are uniformly alike. One case, typical of all, may be cited. When 
the spores of organism No. 26 were heated at 120° C. it was found 
that the several populations per cubic centimeter were killed in 
the following periods of time: 40,000 in 12 minutes, 3,800 in 10 
minutes, 440 in 9 minutes, and 130 in 7 minutes. 

Esty and Williams (12) in their Table 1 show that 100,000 spores 
per cubic centimeter of organism No. 1518, heated at 110° C. in a 
phosphate mixture of different P H concentrations, were affected in 
the following manner: All spores in from 60 to 63 per cent of the test 
tubes,were*killed in 20, 22, 40, and 60 minutes when the P H concen¬ 
trations were 5.10, 5.55, 6.20, and 7.09, respectively. 
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Bayliss (3), Euler (13), and others point out that the properties 
of enzymes also are affected by their concentration. Euler states 
that the action of such paralyzers as chloroform depends to a great 
extent on the concentration of the enzyme. It is considered that 
the injurious effects on the enzyme are greater as its concentration 
decreases. Bayliss and also Euler point out that the properties of 
enzymes are influenced by colloidal impurities, salts, and proteins 
present in the extracts. O'Sullivan and Tompson (21) found that 
sucrose extract is completely inactivated near 55° C. in the absence 
of sucrose, but when sucrose is present the enzyme was only partially 
inactivated near 75°. Bayliss (2) found that the presence of char¬ 
coal in an extract of trypsin increased the thermal tolerance of the 
enzyme. 

Wells (23) indicates that the properties of toxins and antitoxins 
are affected by many substances and that a given property of a 
toxin or antitoxin is not necessarily fixed under all conditions. 

From these citations it is evident that some of the properties of 
microorganisms and of biochemicals do not remain constant under 
all conditions. Thus the assumption that the properties of a virus 
may be affected by its concentration and by constituents in the 
extract has some support. To test this assumption, the following 
experiments were conducted with the virus extract from tobacco 
affected with mosaic: (1) Determination was made of the effect of 
the virus concentration on (a) the thermal inactivation point and (b) 
the potency of the virus while stored at room temperature; (2) the 
effect of such diluting media as water and cucumber and tobacco 
fluids was determined on thermal inactivation and on potency of the 
virus while standing at room temperature. 

METHODS 

The virus was obtained originally from a single young mosaic 
affected tobacco plant which was kindly supplied the writer by James 
Johnson and M. Mulvania. The mosaic pattern on this plant 3 was 
comparable to that illustrated by Iwanowski (14) and, although the 
mottled leaves showed no deformities, many of the plants subse¬ 
quently inoculated with this virus developed leaf deformities similar 
to those illustrated by Iwanowski. 

This plant was handled with great care to avoid any contamination 
with other viruses. The hands were washed in 95 per cent alcohol 
and dried immediately before the plant and the fluid were handled. 
The plant was ground to a pulp in a sterilized food chooper. The 
pulp was collected in sterile gauze placed in a sterile dish and the 
fluid was then pressed out by hand. Part of the fluid was put in a 
sterile test tube. This was put away and safeguarded against any 


3 It has been pointed out by the writer in a brief aiticle (10) that the vnus of this plant regularly causes 
small, yellow spots on older plants affected by the typical “green mosaic.” The virus obtained from these 
isolated yellow spots produces “yellow mosaic” m young plants, and by successive suhtransfers of virus 
from yellow 7 spots the proportion of yellow mosaic can be increased to a point where it dominates over 
the gieen mosaic throughout the complete life cycle of the plant. 

Five additional lots of tobacco-mosaic virus were obtained from widely sepaiated regions m the United 
States, and another lot was obtained through R. J\ Riker from England. When plants were inoculated 
with these viruses it was found that the same typo of yellow spots developed in older plants and that all 
were like the spots described above. In one case fresh leaves which were especially w'ell preserved while 
m transit, showed a yellow- spot on being received from the sender. This spotting usually develops when 
the plant has pioduced from 12 to 15 leaves. All of the evidence now m hand indicates that the association 
of these viruses may not constitute a contamination in the usual sense. A more complete report will be 
made of this work later. 
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possible contamination from another virus. The few plants which 
were inoculated in the beginning supplied virus for subsequent 
experiments. 

In all experiments the virus and plant extracts were obtained by 
grinding mosaic-diseased or mosaic-free plants in a mortar with 
quartz sand. The fluid was obtained by pressing the pulp in a screw 
press or bj" hand. Although the fluids were not filtered, all coarse 
tissue was removed by passing the fluid through several thicknesses 
of finely woven cotton gauze. Dilutions were made immediately 
with sterile distilled water or with fresh fluid from mosaic-free 
tobacco and cucumber plants. Dilutions were not carried beyond 
a point (one thousand times) which would produce 100 per cent 
infection with fresh unheated infectious juice. All glassware, 
grinders, gauze, or other materials which came in contact with the 
virus were sterilized before being used. 

In all of the experiments on thermal inactivation, the extracts 
were placed in pieces of glass tubing which were 7 mm. in diameter 
(inside) and 45 mm. long, 0.8 c. c. of extract being placed in each 
tube. The tubes were closed at both ends by means of small, tightly 
fitting corks. These were held tight by means of a stout cord. The 
temperatures were maintained by an insulated water bath 6 inches 
deep and 8 inches in diameter, and the temperature was determined 
by moans of a standardized thermometer. The temperatures were 
regulated within less than 0.2° C. by means of a hand-regulated gas 
flame. The tubes were completely immersed and held in the center 
of the bath on a wire tray, which also served as an agitator. The 
temperature of the water was taken at the level of the tray. Fifteen 
seconds were allowed for the extracts to reach the temperature of the 
water. As soon as the tubes had been subjected to the proper tem¬ 
perature for the prescribed time, they were all removed at once and 
plunged into cold water immediately. 

This method was adopted after a study had been made of the meth¬ 
ods commonly employed. It is natural to expect greater regularity 
in heat penetration of substances in small containers which are 
completely immersed than in test tubes which are not completely 
immersed. This point seems to be borne out by Bigelow’s (4) studies 
on heat in the canning industry. Most bacteriologists use ampules 
of small diameter, drawn and sealed at the ends in a gas flame. The 
writer employed this method, but it was discarded and the corked- 
tube method was substituted. The continued use of the method has 
proved it to be very convenient and simple for studies of viruses, as 
temperatures do not go above 100° C. 

In the studies on the reduction of the potency of the virus while 
standing at room temperature, each lot of virus extract was diluted 
with the prescribed quantity of sterile, distilled water, or tobacco or 
cucumber extracts. The resulting fluids were put in sterile test 
tubes, which were then corked and stored in the laboratory. This 
method might have been refined somewhat by using filtered fluids. 
However, as unfiltered juices have commonly been employed by 
those studying the properties of viruses, and as quantitative studies 
{$0) show that filtered juice usually has a very low virus concentra¬ 
tion, it was decided to use unfiltered fluids in these experiments. 

In all of the experiments the plants were cultured and inoculated 
in accordance with the methods described in the accompanying 



July 1,1927 Factors Affecting Properties of a Mosaic Vims 5 


paper (20). The writer kept close watch for any variation in symp¬ 
tom manifestations which might be caused by heating or diluting 
the virus. The mosaic symptoms of different plants which have 
been subjected as nearly as possible to the same conditions do vary 
somewhat, and there is also some variation due to different environ¬ 
mental conditions, but, after taking these variations into account, 
the writer has not yet seen additional symptom variations which 
seemed to result from the treatments of the virus. In some cases 
mild forms of mosaic appear in the early stages of the disease. How- 
ever, in all such cases resulting from heated virus, the writer has held 
-the plants for a longer period, and in every instance such plants have 
soon developed typical mottling of a rather severe type. All of the 
evidence obtained thus far clearly indicates that critical studies can 
not be made in mosaic symptomatology entirely on young stock. 
Mosaic-affected plants must be held for relatively long periods, some¬ 
times until flower-bud development, if a complete story of symptom 
types is to be obtained. 

Some investigators object to holding plants for long periods because 
of the possibility of their becoming accidentally infected with other 
viruses. This objection is begging the question. Precautions must 
be employed which make it safe to follow this method. 

RESULTS 

The data obtained in the studies on thermal inactivation are 
presented in Tables 1 to 4. From these data it will be seen that at 
the higher temperatures the potency of the virus becomes less as the 
concentration of the virus is reduced. It will be seen also that this 
general relationship holds consistently for all of the diluting media 
used. However, it is evident that the degree of reduction in the 
infectious activity was influenced by the diluting medium. In all 
experiments the uninoculated control plants remained free from 
mosaic symptoms. 

Table 1 .—Percentage of tobacco plants that developed mosaic in three experiments 
in each of which five plants were inoculated with virus extract undiluted or diluted 
10, 100, or 1,000 times with sterile distilled water , and held at SO° or 85 ° C. for 
different periods 


Tune \ irus was exposed 
to 80° C 

Percentage of mosaic 
at dilutions of— 

Time virus was exposed 
to 85° C. 

Percentage of mosaic 
at dilutions of— 

0 

100 

1,000 

10 

100 

1,000 

5 minutes .._j 

100 

100 

60 

5 minutes._.. 

100 

so 

60 

20 minutes . .. 

100 

100 

0 

10 minutes.. 

100 

60 

10 

Unheated control.. 

100 

100 

100 

15 minutes.___. 

100 

20 

0 

5 minutes.. 

100 

100 

100 

20 minutes_ 

100 

0 

0 

20 minutes,... . 

100 

1 so 

40 

Unheated control.. 

1 100 j 

100 

100 

Unheated eontiol. 

100 

100 

100 






In some cases, heated virus extract diluted one hundred times 
caused 100 per cent infection. However, except in one case, infection 
was reduced by heating virus diluted one thousand times. The one 
exception is shown in Table 1, where the virus was heated for but 
five minutes at 80° C. It is not surprising that 100 per cent infection 
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was produced by some of the heated extracts diluted one hundred 
times, as the unheated virus diluted one thousand times always 
produced 100 per cent infection, except when cucumber fluid was 
used. Furthermore, heat treatments at 80° do not appear to be 
sufficiently severe to produce marked injury with regularity. Doubt¬ 
less quantitative tests would have shown that the potencies of the 
viruses in the dilutions of one hundred times and in the exception 
cited above were actually reduced by the heat treatments, even 
though this reduction was not sufficient to show in these tests. 

Table 2. —Percentage of tobacco plants that developed mosaic when five plants 
were inoculated with virus extract undiluted or diluted 100 times with sterile 
distilled water , and held for 10 minutes at different temperatures 


Percentage of mosaic | 

Temperature tor 10 minutes ■ at 11 u 10m 0 ! Tompeiature for 10 mmutPb 

<°C)_,1 CC.J 

0 I 100 j‘ 


82___ 1 100 i 40 ! 90.... 

84... 100 i 0 I 92_ 

86—.. 1 100' 0 Unbeat ed controls. 

SB.....; SO l 0 j, 


Percentage oJ mosaic 
at dilutions ot— 


0 

100 

0 

0 

0 1 

0 

100 

100 


Table 3. —Percentage of tobacco plants that developed mosaic when Jive plants 
were inoculated with vims extract undiluted or diluted 10 or 100 times with sterile 
distilled water or with tobacco extract a 


Dilution magnitudes and percentages oi mosaic 


Temperature for 10 minutes (°C.) Water dilutions I Tobacco-fluid dilutions 


0 

10 

100 j 

! ° 

10 

100 

! 

Ptr cent 

! 

Pti cent 1 

j 

Pei cent \ 

Per cent 

Pei cint 

Pci cent 

so_ ! 

100 

ioo ! 

40 : 

100 

100 

J00 

84_1 

100 

100 1 

20 I 

i 100 

80 

SO 

SS _ _- _ _j 

100 

0 i 

0 

! 100 

10 

0 

Unheated controls. ___ j 

1 

100 

: 

100 j 

100 

! ioo 

100 

100 


* Although the plant from w Inch this fluid was obtained showed no signs ot mosaic, the fluid contained a 
ver> small trace of virus, as one out of five control plant* inoculated with this undiluted tluid developed 
mosaic. 


Table 4. —Percentage of tobacco plants that developed mosaic when jive plants 
were inoculated with virus extract undiluted or diluted 10 } 100, or 1,000 tunes 
with tobacco or cucumber extract 


Dilution magnitudes and percentages of mosaic 


Temperature (°C ) lor 10 
minutes 

Tobacco-fluid dilutions 

Cuoumber-fluh l dilutions 

0 

10 

100 

1,000 

10 

100 

1,000 


Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 


100 

100 

20 

0 

0 

0 

0 

Unheated controls..! 

l 100 

i 

100 

100 

100 

00 ' 

40 

0 
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In order to obtain some idea of the influence of the virus concen¬ 
trations on the temperature at which inactivation occurs, an experi¬ 
ment was carried out with fresh, undiluted extract and with the same 
extract diluted one hundred times in water. This dilution is very 
low and has never failed to produce 100 per cent infection. These 
extracts were then subjected to a series of 10-minute treatments at 
temperatures ranging from 82° to 92° C. The results shown in 
Table 2 indicate that the thermal inactivation point dropped at least 
5° when the virus was diluted one hundred times. It is fully recog¬ 
nized that the extract in each dilution varied with the concentration 
of the virus, and this doubtless had some influence on the results. 
However, this point can not be accurately determined until it is pos¬ 
sible to study a purified virus in a uniform extract. 

A comparison of the data in Tables 1 and 2 shows that the virus 
extract used in the 85° C. heat series, which was diluted one hundred 
times, caused 60 per cent of mosaic when heated 10 minutes (Table 
1), whereas the virus of the same dilution when heated at 84° and 
86° for 10 minutes caused none (Table 2). This difference in the 
behavior of the virus can not be explained at the present time. It 
is possible that the two viruses differed considerably in their initial 
concentrations. It is also likely that the fluids in the different plants 
varied. Observations show that the physical and chemical nature 
of the fluids vary greatly in plants grown under different conditions. 
The coagulation temperature of the proteins in the fluid seems to 
vary considerably, and the precipitation of coagulated materials also 
varies greatly. Any or all of these variables doubtless affect the ther¬ 
mal inactivation and other properties of the virus. It therefore 
becomes apparent that attention must be directed toward the more 
accurate control of growth conditions in older that reasonably uni¬ 
form plant fluid may be obtained. 

From the data presented in Table 4 it is noted that dilution with 
fluid from healthy cucumber plants had a very depressing effect 
on the thermal inactivation of the virus of tobacco mosaic. Cucum¬ 
ber fluid also reduced the infectiousness of the unheated virus. 
From these results it seems entirely possible that the relatively low 
thermal inactivation point of the virus of cucumber mosaic may be 
explained in part on the basis of the nature of the cucumber-plant 
fluid. 

The experiments dealing with the effect of time and of different 
diluting media on the potency of the virus were not repeated as 
many times as were the experiments relating to temperature and 
dilution. However, in general, the results seem to be sufficiently 
consistent to warrant presentation in Table 5. 

From these data it is apparent that after standing, the virus 
became less infectious as its concentration was reduced. In general, 
it appears that the healthy tobacco and cucumber fluids, especially 
the latter, had a little more depressing effect on the potency of the 
virus than did sterile distilled water. These results and those in 
Table 4 make it seem that the short period over which the expressed 
virus of cucumber mosaic retains its infectious property also may be 
due in part to the nature of the cucumber-plant fluids. 
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Table 5. —Percentage of tobacco plants that developed mosaic in four experiments 
in each of which five plants were inoculated with unheated virus extract undiluted 
or diluted 10 , 100 , or 1,000 times, with distilled water, tobacco, or cucumber 
extracts a 


Dilution magnitudes and percentages of mosaic 


1 

Time (days) virus i 
stood m laboratory ; 

Water di]uti< 

j 

3ns | 

1,000 | 

Tobaeeo-fluid dilutions 

Cucumber-fluid 

dilutions 

Un¬ 

diluted 

virus 

10 

100 1 

1 

10 

100 

1,000 

10 

100 

1,000 


Per 

Per 

Per | 

Per 

Per 

Per 

Pa 

Per 

Per 

Per 

! 

cent 

cent 1 

cent i 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

0 1 

100 

80 

00 

100 

80 

20 

100 

20 

0 

100 

c_! 

100 

100 1 

80 1 

100 

100 

80 

100 

80 

0 

100 

12_i 

100 

80 | 

80 i 

80 

60 

40 

80 

60 

0 

100 

15 ___1 

100 

40 ( 

40 ' 

100 

40 

20 

100 

40 

20 

100 

Means_ ' 

100 

1 1 

Go ! 

1 

95 

1 70 

i 

40 

95 

50 

5 

100 


a The dilution samples stood m the laboratory in corked test tubes during the period of the experiments. 


It is noted from Table 5 that the virus diluted more than ten 
times tended to cause a higher percentage of infection after it had 
stood for six days than it did at the end of the second day. When 
the vims was diluted one thousand times in cucumber fluid the 
infection was greatest alter 15 days’ standing. In general, after the 
sixth day the infection curves for virus diluted above ten times 
tended to drop. 

DISCUSSION 

In somewhat similar experiments, Elmer (10) observed that infec¬ 
tion from diluted virus of tobacco mosaic was first depressed and 
later increased. However, he worked only with filtered fluid and 
with dilutions of ten times. Also, his studies were conducted over a 
shorter time period than were the writer’s. In the present studies, 
the plant fluids had little effect on the virus when diluted ten times. 
Elmer’s results with virus diluted ten times are probably explained 
in part on the basis of a veiy low initial concentration of the virus. 
It seems likely that the virus used in Elmer’s experiments was from 
fifty to one hundred times less concentrated than virus employed in 
the present studies. 

Indications’ of an accelerating or reactivating influence on the 
potency of the virus has been evident in several of the writer’s 
experiments. However, it appears now that much study is necessary 
before it will be possible to distinguish with certainty between what 
may be experimental variation and actual reactivation of previously 
inactivated virus through colloidal and adsorption changes, or through 
an actual increase in the number of virus particles not previously 
inactivated. 

Granting for the moment that this apparent reactivation of the 
virus may not be due entirely to experimental variation, it is of 
interest to consider the behavior of certain biochemical substances. 
From a review of the literature on enzymes and toxins, it appears 
that these substances vary greatly in their ability to dissociate or 
disperse as the adsorption relationships are altered in their extracts. 
There is considerable evidence which indicates that inactivation 
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does not necessarily signify destruction. Under certain conditions, 
these substances may be reactivated after having been inactivated, 
or partially inactivated. The expressed viruses of plants are asso¬ 
ciated with manjr other materials in the fluid, and when the fluid is 
allowed to stand it undergoes many changes. Under such conditions 
the reaction and adsorption relationships doubtless are altered many 
times, and it seems quite likely that these fluctuations may affect 
the quantities of free virus from time to time. While it may be that 
we are dealing with an organism which, under certain circumstances, 
increases in vitro, it seems apparent that it is not necessary to con¬ 
sider that the virus is an organism in order to explain the results 
cited. 

Duggar and Armstrong (<§) have reported that the fluids from the 
pokeweed inhibit the infectiousness of the virus of tobacco mosaic 
in vitro. They tested the effect of the juices from many plants on 
the virus and found that some of them did not seriously reduce its 
infective powder. The writer carried out similar experiments with 
pokeweed juice and obtained the same results. In addition, several 
tests were made in wdiich tobacco plants were inoculated with the 
fresh virus extract of tobacco mosaic, and soon afterward the same 
plants were reinoculated with the fresh extract from healthy poke- 
weed plants. In another set of experiments the plants were first 
inoculated with the pokeweed juice and then inoculated with the 
virus extract. In all of these cases, when the pokeweed and virus 
extracts were not mixed in vitro before making the inoculations, 
mosaic occurred in 100 per cent of the inoculated plants. 

It is not surprising that certain plant extracts are toxic to a virus 
in vitro. Our most deadly poisons in many cases are of plant origin 
and it would be indeed surprising if some of these are not found to be 
very toxic to many substances in other species of plants. Only by 
further studies can it be determined if the toxic principle is in the 
pokeweed juice or if there is a new or secondary substance produced 
by a combination of substances in the pokeweed and tobacco extracts 
which is toxic to the virus. 

Since the preparation of the present paper, the results of Walker’s 
{22) studies have been published, and it is evident that his results 
also indicate rather clearly that different plant extracts affect differ¬ 
ently the properties of a virus. 

It may be suggested that the different experiments presented here 
should have been repeated many more times than was the case. 
The writer fully appreciates the value of repetition in experiments 
provided uncontrolled variables are not in excess of those which are 
controlled. It is believed that there are many uncontrolled variables 
in connection with the study of plant extracts and it is puzzling to 
know how best to control all of them. 

The data presented seem to be very consistent in that they show 
no excessive irregularities. This in itself strengthens the results, 
and it is believed that more is to be gained from a study of the 
uncontrolled variables in plant extracts than wmuld be gained from 
continued repetitions of the experiments made. 

It is entirely possible that fluids from mosaic-free tobacco and 
cucumber plants may affect the properties of a virus somewhat 
differently than do the fluids from these plants when severely affected 
with mosaic. It is also fully recognized that in the experiments 
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•reported here the virus concentration and type of diluting medium 
were unavoidably varied simultaneously. However, after taking 
these points into consideration, it appears that the data presented 
indicate rather clearly that the thermal inactivation of a virus and 
the time period over which it retains its potency at room temperature, 
are affected by the concentration of the virus, and also by the plant 
constituents in which the virus is contained. 

It further appears from these data that the results of comparative 
studies on the properties of viruses causing mosaic. on different 
species of plants can not be interpreted accurately until the viruses 
can be studied in nearly equal concentrations and in some standard 
fluid. It is possible to approach a uniform fluid by transmitting the 
viruses of different mosaics to some given host from which the virus- 
containing fluids can be expressed for detailed property studies. 
However, it is believed that the introduction of plant constituents 
associated with a virus into a given host may complicate such a 
method. This belief seems to have some support in the results 
obtained by Johnson (15) with the fluids of supposedly healthy 
potatoes. When the potato-plant fluids were introduced into 
healthy tobacco plants, an infectious disease resulted. 

In the end, it would seem that we must look forward to the purifica¬ 
tion or isolation of the virus. Although several obstacles seem to be 
in the way of this accomplishment, it is believed that progress can 
be made in this direction. One of the chief obstacles has been that 
no adequate quantitative method was available for the estimation 
of the concentrations of viruses. However, it is believed that prelimi¬ 
nary results, which are published in the accompanying paper (20 ), 
show that dilution and inoculation tests can be standardized to a 
point which will enable the detection of relatively small differences in 
concentration. 

SUMMARY 

The temperatures at which the virus of tobacco mosaic become 
inactivated depends on the concentration of the virus and on the 
nature of the plant extract. 

Virus extract diluted one hundred times with water was inacti¬ 
vated in 10 minutes at a temperature between 82° and 84° C., whereas 
the same virus undiluted w T as inactivated at a temperature between 
88° and 90°. 

Fluid extract from healthy cucumber plants seems to have a 
more depressing effect on the potency of the virus than does an equal 
amount of wafer or tobacco fluid. 

Virus diluted with water or tobacco and cucumber juices loses its 
potency more rapidly on standing than does undiluted virus extract. 
This is seemingly more marked when the dilutions are made with 
healthy cucumber extract. 

The first reduction in the potency of diluted virus extract does not 
appear to be permanent in all cases. The nature of this reactivation 
may be the result of an adsorption phenomenon or of an actual increase 
in the number of virus particles which w'ere not previously inactivated. 

The properties of viruses from different species of plants can not 
be studied adequately in a comparative way until the viruses can be 
purified, brought to a fairly uniform concentration, and studied in 
reasonably uniform dispersing media. 
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QUANTITATIVE AND PURIFICATION METHODS IN 
VIRUS STUDIES 1 


By H. H. McKinney 3 

Pathologist in Charge of Cereal Virus Disease Investigations , Office of Cereal Crops 
and Diseases, Bureau of Plant Industry , United States Department of Agri¬ 
culture 

INTRODUCTION 

Studies on the viruses of the mosaic diseases indicate that much of 
the extraneous material must be removed from the virus extracts 
before it will be possible to carry out many important experiments 
in a satisfactory manner. In attempting purification, several methods 
are available, but, owing to the relatively small amount of study 
which has been directed toward this problem, little is known concern¬ 
ing the practicability of the methods. 

On the assumption that the virus of mosaic is an independent 
organism, several workers have attempted to cultivate it, and 
although Olitsky (20) z claims success with the virus of tobacco and 
tomato, Mulvania (19) and Purdy (22) failed to verify his results. 
It is possible that under very special conditions which were not 
apparent to Olitsky, the virus will increase or become more potent 
in vitro. However, as pointed out in the accompanying paper (17), 
it seems to be unnecessary to assume that the virus is an independent 
organism in order to explain such results as were claimed by Olitsky. 
Although it is possible that the virus may be isolated by pure-culture 
methods, it appears that some attention should be directed toward 
physical and chemical methods of purification. 

Several theories have been advanced regarding the nature of the 
mosaic virus, but none of our present methods seems to be adequate 
for testing these theories in a satisfactory manner. Several of the 
most basic methods which are required in the work will be applicable 
regardless of the nature of the virus, and it seems apparent that their 
best development is not dependent on the acceptance of any one of the 
present theories concerning the virus. 

In attempting the purification of the virus by any method it is 
soon found that little progress can be made until a quantitative 
method is available. Such a method is necessary for determining the 
relative concentrations of virus in physical and chemical fractions as 
well as in culture solutions. 

4ft 

QUANTITATIVE STUDIES 

Although it is entirely possible that one might develop a chemical 
or a microscopical method which would be infallible for testing the 
concentration of the virus, it seems somewhat more hopeful at 
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present to attempt the development of a method based on a biological 
assay, that is, the occurrence of disease symptoms. 

The use of biological tests for quantitative determinations is not 
new. In the standardization of toxins and antitoxins, such methods 
have long been in use. Ehrlich (6), in his classic studies in im¬ 
munology, found that he could standardize the concentration of 
dipththeria toxin and antitoxin by employing test animals, and his 
“minimal lethal dose,’ 7 the minimum amount of toxin which will be 
sure to kill a normal guinea pig weighing 250 gm. in a period of four 
days, is still the basis for standardizing this toxin. Modifications 
of this method are also used for standardizing several bacterial 
toxins and vaccines. 

It has been pointed out by Drummond and Watson (4) that the 
detection and estimation of vitamins in foods can best be accom¬ 
plished through the use of biological tests in spite of the errors in¬ 
volved. In testing for the concentration of vitamins (7, 8, 25) 
the test animals are fed gradually increasing amounts of the test food, 
and the relative concentrations of the vitamin are determined on 
the basis of the behavior of the animals. Similar methods are also 
used in the standardization of certain drugs (2, 9, 21). 

In view of the fact that several investigators have found that the 
mosaic viruses can be diluted to a considerable degree without com¬ 
pletely losing their potency, it appeared to the writer that a system 
of dilution experiments might serve as the best basis for preliminary 
quantitative studies. The three following factors offered possible 
means for measuring relative concentrations of a virus: (1) The 
length of time elapsing between inoculation and the appearance of 
disease symptoms; (2) the degree or the intensity of the symptoms; 
and (3) the percentage of inoculated plants which develop mosaic 
within a given period. 

In the studies on the scab of potato, the disease caused by Acti¬ 
nomyces scabies (11), and in those on the wheat foot-rots caused by 
Helminthosporium sativum (15), and Ophiobolus graminis (IS), the 
writer observed that the number of infected individuals and the 
severity of the injury varied as the amount of inoculum used in the 
different experiments was varied. The literature on the mosaic dis¬ 
eases indicates that the number of plants which develop mosaic 
after inoculation also varies with the concentration of the virus 
(1, 3). However, it is now evident that the methods employed 
previously do not make it possible to detect differences in the con¬ 
centration of virus in most extracts until dilutions ranging from 
1,000 to 50,000 times are reached. Obviously, this is a disadvantage, 
and in view of the importance of detecting differences between more 
concentrated virus extracts and of the desirability of having some 
reasonably uniform quantitative method, it was necessary to carry 
out new experiments designed to furnish the required information. 

Although Walker (24) considers that the dilution property is very 
irregular and^ unsatisfactory for purposes of comparing viruses from 
different species of plants, it became evident to the writer, after com¬ 
pleting several experiments, that the dilution method can be used 
for quantitative work. However, success with the method depends 
on certain important factors and on methods which can be standard¬ 
ized to a reasonable degree. 
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(1) The virus must lend itself to study in the expressed fluids 
without losing its potency in a short time. 

(2) The plant employed must be easily cultured under greenhouse 
conditions during as much of the year as possible. 

(3) It must be highly and uniformly susceptible to the disease, 
and must develop definite symptoms. 

(4) The plants used in a single experiment must be grown under 
the same conditions. 

(5) Growing conditions for all experiments must be standardized 
as far as possible. 

(6) Accidental infection through insect carriers, s^l, contact with 
infected or infested materials, must be guarded against. 

(7) The inoculation technic employed must lend itself to the 
greatest possible uniformity and certainty. 

In considering the plant and the virus most suitable for the quanti¬ 
tative studies, it became evident that none of the cereals or other 
grass crops, or their mosaics, could be employed at the present time. 
While there are several dicotyledonous hosts which might have been 
used, none seemed so well adapted for the studies as the tobacco 
plant and the virus of its mosaic disease. 

PLANT-CULTURE METHODS 
Soil 

Early in these studies it was observed that cases of accidental 
mosaic sometimes occurred in experimental stock when there was no 
evidence of insect or accidental contact transmission through the 
above-ground parts. Since the writer (14, Id) had found that wheat 
mosaic may be transmitted through the soil, limited studies were 
made to determine whether tobacco mosaic might be transmitted 
in the same way. 

The virus-free soil used in these experiments was obtained from an 
old wood lot near Madison, Wis. Previous tests had shown that the 
soil produced healthy plants. The seedlings were grown in this soil 
in flats. When sufficiently large they were transplanted to the 
experimental soils in 4-inch earthen pots which had been sterilized 
with steam. 

Table 1. —Number of plants shotting tobacco mosaic in soil receiving different 

treatments 


Soil treatments 

Number 
of plants 
tested 

i Number 
i of mosaic 
plants 

Experiment 1. 

Virus-free, control..... 

20 

0 

Mosaic tissue and juice.......... 

19 

14 

Hoots from mosaic plants.._.. 

20 

a 

Experiment 2: 

Virus-free soil, control...... 

24 

0 

Virus-free sand, control.... 

24 

0 

Sand from beneath pots of mosaic plants...-.___.. 

23 

0 

Virus soil, control.... .... 

23 

i 4 

Virus soil-bformaldehyde.... . _ 

24 

0 

Virus soil+uspulun (5 gm.)........ 

24 

6 

Virus soil-j-uspulun (10 gm.l. _.__ ... 

24 

i 4 


1 
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In experiment 1 a series of seedlings was planted in virus-free soil; 
a series in soil in which mosaic-affected tobacco had recently grown, 
and which still contained the fresh roots of these plants; and a scries 
in virus-free soil to which had been added, a few days previous to 
transplanting, juice and pulp from mosaic-affected tobacco plants. 
The results of experiment 1 (Table 1) indicate that infection docs 
occur from the soil in a fairly large number of plants. 

Experiment 2 was conducted to obtain some idea as to methods 
of controlling infection from the soil, and to determine whether 
potted plants would become diseased if placed on bench or floor 
sand on which potted mosaic plants had previously grown. The 
virus-free soil was of the same lot as that employed in experiment 1. 
The virus-infested soil was obtained from pots in which mosaic- 
affected plants had been growing. The fresh roots were present in 
the soil. The supposedl} 7 infested sand was obtained from a green¬ 
house bench on which mosaic-affected plants had been growing in 
pots immediately previous to the removal of the sand. The results 
of experiment 2 (Table 1) likewise show that infection may originate 
from the soil. 

Johnson (10) has shown that tobacco does not grow well in many 
soils which have been sterilized with steam just before the introduc¬ 
tion of the seedlings, and the writer’s experience bears out this obser¬ 
vation. Accordingly, chemical disinfectants wore used instead of 
steam. As the writer had found previously that wheat moasic can 
be controlled effectively when virus-infested soil is treated with a 
solution of 1 part fresh 40 per cent fonnaldehyde solution in 49 
parts w T ater, tins treatment was employed. In addition, uspulun 
was applied in two concentrations, 5 gm. to a liter of water and 10 
gm. to a liter of wrter. In all cases the infested soil was made into 
a stiff mud by the addition of the disinfectants, and by water in the 
case of the soil control. These soils were held in covered containers 
for 30 hours, and were then spread in layers and dried until no fumes 
of formaldehyde v T ere noticeable from those treated with that chem¬ 
ical. They were then potted and the seedlings were transplanted 
into them. 

Virus-transmitting insects which feed on the above-ground portions 
of the plants were guarded against. Very few- insects were present 
outdoors during the period of these experiments and none were 
noted in the greenhouse in which the experiments were conducted. 
The uninoculated control plants were kept close to those planted in 
infested soil, and as they remained free from mosaic it is only reason¬ 
able to consider that the mosaic which occurred in the remaining 
plants had its origin from virus present in the soil. 

From these preliminary tests it appears that soil treatments with 
freshly manufactured formaldehyde prevent tobacco-mosaic infec¬ 
tion from the soil as effectively as they do wheat-mosaic infections 
from the soil, and that this disinfectant is more effective than uspulun 
in the concentrations employed. 

From the one experiment it appears that bench sand may not be 
a serious source of accidental infection. This result is in harmony 
with field observations (16) in which the writer has found that wheat 
mosaic does not persist for as long a period in the sandy soil of the 
Illinois River region as it does in the heaver silt soil in the Mississippi 
River region near Granite City, Ill. 
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As a result of the experiments cited, every precaution was taken in 
the greenhouse studies to prevent accidental infection from the soil. 
If virus-free soil could not be obtained readily, other soil was disin¬ 
fected with fresh formaldehyde. In all cases pots were sterilized 
with steam. Although it is possible that virus which gets into the 
sand under pots may in some cases cause accidental infection, it seems 
likely that most of this is washed deep enough to get below the few 
roots which may come through the pots in experiments of compara¬ 
tively short duration. 

If pots are placed in beds in the center of a house, it is well to 
set them on a layer of fine gravel several inches deep. By thoroughly 
wetting the gravel daily, and by disinfecting it several times a year, 
the possibility' of accidental infection of young stock seems to be re¬ 
duced to a minimum. 

Since all possible infection from the soil and from other agencies 
has been guarded against, the number of accidental cases of mosaic 
has been noticeably reduced. In fact, accidental infection is so rare 
that it causes practically no concern. 

Plant Stock 

In the early experiments several varieties of tobacco were used. 
However, as the work developed all of the studies were confined to 
one strain of Connecticut Havana. The material from which the 
seed was obtained was kindly supplied by James Johnson. The seed 
used subsequently was derived from a single plant of this lot, growing 
in the field. In order to guard against possible cross-pollination, 
the plant was bagged before the flower buds opened. In all subse¬ 
quent seed propagation the same precautions were taken. The seed 
from different plants was never mixed. It is believed that by fol¬ 
lowing these methods all irregularities in infection due to genetic 
causes in the host were reduced to a minimum. In the winter the 
temperature in the growing house was kept as near 75° to 80° F. as 
possible. In the summer, temperatures fluctuated with the weather. 

In all cases single plants were grown in 4-inch earthen pots. From 
5 to 30 plants were inoculated with each sample of diluted virus ex¬ 
tract, and all sets of plants inoculated with a given dilution were 
uniform in size and age. The plants were inoculated just before or 
during the period of their greatest vegetative development. In all 
of the earlier experiments healthy control plants were carried along 
with the inoculated plants, and in no case did mosaic occur in any of 
these during the first two weeks of an experiment. All experiments 
were discontinued at the end of this period. 

INOCULATION TECHNIC 

At the outset of the work it was found necessary to develop a 
method of inoculation by which it would be possible to obtain 100 
per cent infection when the plants were inoculated with fresh, un¬ 
diluted virus extract. After some experimenting, it was found 
that the percentage of mosaic plants resulting from inoculation with 
highly diluted extract increases as the amount of inoculum intro¬ 
duced into the plant is increased. To compare the results on a 
quantitative basis, ii therefore becomes necessary to introduce as 
nearly as possible the same amount of diluted and undiluted fluid 

54977—27-2 
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into each plant in a given experiment. Owing to the nature of the 
vascular elements in tobacco, it is difficult, if not impossible, to inject 
a definite and constant quantity of fluid into the vascular system and 
have it all remain there. When a small hypodermic needle is inserted 
into the tissues practically all of the fluid injected comes out through 
the wound made by the needle. 

After employing several methods of inoculation, the following was 
found both expedient and reasonably consistent in its results. A 
uniform amount of absorbent cotton lint was wrapped on the point 
of a stout, polished, steel needle. To this was applied several drops 
(one-eighth c. c.) of infectious fluid by means of a finely drawn glass 
pipette, or else the lint-tipped needle was dipped directly into the 
fluid. Either method gave satisfactory results. The saturated 
cotton was applied to the axil of a leaf near the base of the plant. 
The cotton was pushed down into the vascular region of the stem and 
petiole by means of the needle. The stem, petiole, and lignle were 
pricked and scratched at several points through the _ fluid which 
remained in the axil. Each inoculation needle was disinfected in 
95 per cent alcohol, rinsed in water, and wiped before it was used^ to 
inoculate another plant. By using several needles the disinfection 
process caused no great inconvenience. Early in the work the 
operator's hands were washed in 95 per cent alcohol and wiped dry 
before an uninoeulated plant was touched, but as the work progressed 
this operation seemed unnecessary, and it was employed only when 
proceeding from one lot of virus extract to another, or when it was 
necessary to handle some object, which might be contaminated with a 
virus. Figure 1 illustrates the inoculation method. 

Since using this method the writer has never failed to obtain 100 
per cent infection in the many hundreds of plants inoculated with 
undiluted, fresh virus extract. Only in rare cases has he failed to 
obtain 100 per cent mosaic in plants inoculated with fresh extracts 
diluted 1,000 times, and in these cases there was evidence that the 
concentration of the virus was unusually low in the plants selected 
for the inoculum. 

EXPERIMENTS 

In the first experiments the writer inoculated five plants each of 
several series with lots of undiluted virus or with virus diluted 1,000, 
10,000, 50,000, and 100,000 times in sterile distilled water. It was 
soon observed that, the type of mosaic symptoms occurring on the 
plants inoculated with the virus in different concentrations varied so 
little, and these variations were so inconsistent or so difficult to 
measure accurately, that this factor could not be used to advantage in 
quantitative studies. In some plants a very mild type of mottling 
occurred. Several such plants were kept after closing an experiment, 
and in all cases they developed, typical mottling as they continued to 
grow. 

Although the time elapsing from inoculation to the appearance of 
mosaic was a little shorter for plants inoculated with the higher 
concentrations of virus, there was not sufficient regularity with respect 
to this manifestation to render it of any great value in quantitative 
studies. The most striking and consistent variable w T as the number 
of plants which developed symptoms within 4 to 15 days after inocula- 




Fi r 1—Materials and method used in inoculating the test plants A, arrangement of the dilution 
samples and other items used for inoculating; B, method used for applying inoculum to the cotton 
on the tip of the needle (equally good results have been obtained by dipping the cotton in the 
extract contained in the vials, provided the fragments of cotton are of approximately the same 
quantity and compactness); C, method used in pushing the cotton and inoculum into the tissues 
at the juncture of the stem and the leaf petiole 
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tion. As this relationship offered promising possibilities for measure¬ 
ment, other similar experiments were carried out. In some cases 
other dilutions were employed, but in general it was found that the 
series given above produced good results. 

The time elapsing from inoculation to the first appearance of leaf 
mottling varies under different conditions. The period may be as 
short as four days when light, temperature, and nutrition are at 
their optima for rapid vegetative development. Only in rare cases 
has the time reached 12 days, and never in the writer’s experiments 
has it exceeded 17 days. The time required for all infected plants to 
develop mosaic has varied from one to nine days. During periods of 
cloudy weather it requires a relatively long time for symptoms to 
appear in all infected plants in an experiment. When growing con¬ 
ditions are ideal this time is usually limited to three or four days. 

In the course of the experiments precautions were taken for detect¬ 
ing accidental infection. Since all of the inoculated plants in a given 
experiment do not develop mosaic simultaneously, it is not always 
possible to detect accidental infections on the basis of the time re¬ 
quired for the disease to develop. The writer now makes a practice 
of marking a young leaf on each plant by puncturing the leaf with 
the inoculation needle. By this method it has been possible to 
determine the occurrence of mosaic on leaves of different ages on many 
plants. Data from over 500 plants show that no definite mosaic 
occurred on leaves which were over 30 mm. long at the time of inocu¬ 
lation. Four per cent of the plants showed mosaic on leaves which 
were 25 to 30 mm. long, and 95 per cent showed mosaic on leaves which 
were 20 to 25 mm. long, and 100 per cent showed mosaic on leaves 
which were under 20 mm. long at the time the plants were inoculated. 
When mosaic occurs on leaves which are much over 30 mm. long at 
the time of inoculation, and the time required for mosaic to develop 
is unusually short, it is considered that the plant was probably in¬ 
fected previous to the experimental inoculation. When mosaic does 
not occur on leaves which were 15 to 20 mm. long at the time of 
inoculation and the symptoms are late in developing on younger 
leaves, it is considered likely that the plant became infected acci¬ 
dentally after the experimental inoculations were made. It was 
found that the mottling was very slight on many of the leaves which 
were 20 to 30 mm. long when the plants were inoculated. Although 
the data presented serve well for the conditions under which the 
writer has worked, it is possible that they may not serve for all con¬ 
ditions of growth. 

A total of 35 dilution-inoculation experiments have been conducted 
with fresh virus extract obtained by pressing the juice from finely 
chopped, diseased plants. In all experiments infection occurred in 
100 per cent of the plants inoculated with fresh undiluted virus. In 
31 experiments infection occurred in all plants inoculated with fresh 
virus extract diluted 1,000 times. In six experiments 100 per cent 
infection occurred in all plants inoculated with dilutions of virus up 
to and including 10,000 times, and in one case infection occurred on 
all plants inoculated vffth all dilutions up to and including 50,000 
times. 

Owing to growth irregularities "which occurred in seven of the 
experiments, the data from these were not averaged with those of the 
remaining 28 experiments. 
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The mean data obtained from the 28 experiments are given in 
Table 2 and are shown graphically by the dilution-infection curve 
in Figure 2. 

In the case of the 100 per cent mosaic datum in Table 2 the dilution 
datum of 5,392 times represents the mean of the highest dilutions of 
the virus which produced mosaic in 100 per cent of the inoculated 
plants. The mean dilution data were determined for the lower per¬ 
centages of mosaic by averaging the dilutions at which these per¬ 
centages occurred. When these data are plotted on logarithmic 
paper the resulting curve tends to be of the logarithmic type. The 
datum point for 20 per cent infection is a little low, however, in 
comparison with the other points. 



Fig. 2 —Dilution-infection curve based on the logarithmic curve of the mean data shown in 
Table 2. The curve is based on the average dilutions of virus at which the several 
percentages of mosaic occurred (Table 2) 

The curve in Figure 2 was constructed on the basis of the logarith¬ 
mic curve after it had been straightened. This seemed entirely 
allowable since the data conformed so closely to a straight line. For 
the present the curve in Figure 2 is being employed as a basis for the 
comparison of virus concentrations, and a unit of measure designated 
the “virus-unit” is proposed. This unit is defined as the concen¬ 
tration of virus in an extract which, on the average, is just capable 
of producing mosaic in 100 per cent of the plants inoculated accord¬ 
ing to the methods described. This concentration is designated the 
critical concentration. On this basis, the curve represents a con¬ 
centration approximating 5,000 virus-units (5,000 V. U.) for the mean 
environmental conditions surrounding all of the experiments, since 
the mean critical concentration was reached at a dilution approxi¬ 
mating 5,000 times. 

Table 2. —Means of all dilutions of virus extracts which produced mosaic in 100 
per cent and in lower percentages of the plants inoculated 


Mean 

dilution 

Percent¬ 
age of 
mosaic 

5,392 

100 

11,392 

SO 

19,640 

60 

40, 678 

40 

94,964 

20 
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Figure 3 illustrates the curve in Figure 2 after it has been reduced 
to a single and fractional virus-unit basis. This was accomplished 
by dividing all of the dilution intervals given in Figure 2 by 5,000, 
the approximate mean critical concentration represented by Figure 
2. Owing to the magnitude of this dilution, it seemed fair to neglect 
the fractional thousand and simplify the computations at this point. 
The figures on the horizontal a*xis of the curve in Figure 3 represent 
dilutions of a given volume of extract containing 1 virus-unit. The 
reciprocals of these dilutions represent fractions of a virus-unit. For 
example, at position 5 the extract has been made to five times its 
original volume, and, consequently, the concentration of virus in 
the resulting dilution equals one-fifth of a virus-unit v.-u.). 

This curve can be rather accurately expressed by the equation 

y = 130x"°- 27 - 30, when 

i/ = the percentage of mosaic-diseased plants obtained in a 

dilution test and 
x = the dilution of one virus-unit. 
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Fin 3.—-The dilution-infection curve illustrated m Figure 2 arranged on a single virus-unit (1 
v -u.) and fractional virus-unit basis This arrangement was accomplished by dividing the 
dilutions (abscissae in fig 2) by 5,000, the approximate mean critical concentration Recipro¬ 
cals of the dilution shown m this curve equal fractions of a virus-unit (l * anginal volume, 
i. e , 1 virus-unit; 2=double tbe onginal volume, i. e , 1 1 virus-unit, etc,). This cmve is used 
m this paper as the standard for eompaiing virus conceniiations 

Whether this equation will hold with virus in all types of extracts 
is not known. It appears that it is influenced by environmental 
factors which influence the growth of the plant, but further study is 
required before these relationships will be understood. For the pres¬ 
ent it appears that the equation offers a reasonable basis for pro¬ 
cedure, as it represents data obtained under all seasonal conditions 
in a greenhouse. However, it is emphasized that this position is 
only tentative. The summer season of 1925 at Madison was un¬ 
usually cool and the sky was overcast for a greater number of days 
than usual. Observations at the Arlington Experiment Farm, Ross- 
lyn, Va., also indicate that geographical locations are likely to affect 
the type of a dilution-infection curve to some extent. If this effect 
should prove to be great, it will be necessary to determine the type 
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of curve for the particular location where quantitative tests are con¬ 
ducted and to standardize all growth conditions as far as possible. 

The question naturally arises as to why the number of mosaic- 
affected plants decreases gradually rather than abruptly as the virus 
is diluted beyond its critical concentration. At the present time it 
seems reasonable to explain this relationship on a chance basis. 
Regardless of the nature of the virus, its particles become more 
widely separated as the extract is diluted, and, accordingly, the 
chance that the required number of particles will be so placed in the 
plant as to produce mosaic becomes less as the dilutions increase. If 
the virus particles are adsorbed on colloidal or on larger particles in 
the extract, it seems probable that any change which may cause a 
release of the virus particles will increase the chances for producing 
mosaic. 

The dilution-infection curve indicates that there is a marked accel¬ 
eration in activity on the part of the virus after the dilution passes 
beyond the point of the critical concentration. Although these curves 
resemble a curve representing the actual reduction in concentration 
of any known substance which is being diluted, it is evident that the 
physiological activity of the virus as measured by mosaic symptoms 
is in excess proportion to the actual relative concentration of the 
virus in the diluted samples of extract. This accelerating effect may 
be due to conditions arising in the dilution samples or to conditions 
in the test plants. There is some evidence that the dilution-infection 
curve may rise slightly when the dilution of the virus extract is carried 
to 200,000 to 400,000 times, but this point can be tested in a more 
satisfactory manner after the completion of other studies. 

The dilution-inoculation method may be applied in several ways, 
depending on the nature of the problem under investigation. When 
the investigator is not familiar with a virus extract it is very difficult 
to select at random those dilutions which will contain the critical 
concentration of the virus. In this case it is best to make several 
dilutions of the extract and to inoculate five or more plants with 
each. For this work the writer usually uses the extract undiluted 
and diluted 1,000, 10,000, 50,000, and 100,000 times in sterile dis¬ 
tilled water. Further tests can then be made in the region near the 
critical concentration by employing several dilutions which may 
enable a more accurate location of this concentration. 

The tests also may be carried out in the region between the critical 
concentration and the point of 40 per cent infection. When this 
method is employed the writer uses but one or two dilutions of the 
virus extract and from 10 to 30 test plants for each dilution sample. 

After having determined the percentage of mosaic-diseased plants 
produced by an unknown diluted extract (y in the equation for the 
infection curve), the virus-unit concentration is computed according 
to the following equation. 

V. U. = ~ when 
x 

x ; = dilution of unknown extract 
x = dilution of 1 virus-unit. 

Example: If the experiment shows that an unknown extract 
diluted 10,000 times produces mosaic in 60 per cent of the plants 
inoculated, then x' = 10,000 and y = 60. From the plotted curve 



24 


Journal oj Agricultural Research 


Vol. 35, No. 1 


(fig. 3) it is then found that when y = 60, one V. U. has been diluted 
four times, or x = 4. 

By carrying out the computation it is found that the 


V. U.=^^ =2,500, 


that is, the virus concentration of the unknown sample approximates 
2,500 virus-units for one-eighth c. c. of extract, the approximate vol¬ 
ume used to inoculate each plant. 

When several dilutions of the same virus extract are tested simul¬ 
taneously the writer computes the virus-units for each dilution test 
beyond the point of 100 per cent infection and not including 0 per 
cent infections at the end of the series. All of the virus-unit deter¬ 
minations are then averaged, and this average is taken as the approxi¬ 
mate virus concentration of one-eighth c. c. of the extract being tested. 

As dilution-infection curves have approached 20 per cent to 0 per 
cent infection, experimental variation seemed to increase, and it has 
not been uncommon for infection to reach 0 at a given dilution and 
then rise a little at the next higher dilution. In this case the 0 per 
cent infection was averaged with the virus-unit calculations for the 
remaining dilutions. Sometimes the curve drops and rises again 
with the higher percentages of infection, especially when the dilution 
steps are close together. However, this has occurred in but few 
cases in which the populations were small. 

In some cases, as in the experiments cited in Tables 4 and 5, the 
writer did not select dilutions sufficiently low to give the best infection 
data. In Table 4 it will be noted that in certain cases no infection 
occurred in any of the plants inoculated with extract diluted above 
two times. ^ In such cases it is not possible to compute the virus-unit 
concentration of the fractions. However, from the data in Table 4 
we know that the filtrate fractions did contain virus, because mosaic 
occurred in 100 per cent of the plants which were inoculated with 
extract diluted to twice its original volume. From the data in Table 5 
there is no way of determining if virus was present in the filtrate 
fraction. As it is certain that these filtrates contained less virus 
than the unfiltered extracts, it is possible to determine the approxi¬ 
mate highest value for the virus-units in them. In this case the 
writer assumes that if one more test plant had been inoculated with 
the filtrates diluted 1,000 and 100 times, respectively, it might have in 
each case developed mosaic. Thus, 24 virus-units in Table 4 and 
1.3 virus-units in Table 5 represent the highest possible values for the 
fractions, and it seems likely that the values were actually less than 
these. 

From the experiments carried out thus far, it is believed that the 
most accurate results can be obtained by determining the position 
of the critical concentration or by basing the virus concentrations 
on infection percentages which are close to the critical concentration. 
However, as stated previously, it is rather difficult, in most cases, 
to estimate the position of the critical concentration for purposes of 
selecting the dilution intervals which will yield data in the desired 
# region of the curve. As a result, most of the writer’s data include 
all or nearly all of the infection range of the dilution-infection curve. 
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When more is known of the relative influence of the growth factors 
on the concentration of virus in plants it will be easier to estimate the 
dilutions which will yield the most accurate data. 

It may he suggested that, owing to the variables which are not 
under control, there is no justification for endeavoring to use a virus- 
unit system. The writer took this position for some time, and 
expressed the experimental results as percentages of the total number 
of plants inoculated. However, it was soon found that this method 
gave no idea as to numerical proportions between concentrations. 
For example, if a given fraction produced mosaic in 80 per cent of the 
plants inoculated, and the same dilution of another fraction caused 
mosaic in 40 per cent of the plants, it could not be concluded that the 
first fraction had double the virus concentration of the second frac¬ 
tion. This is evident from the type of infection curves shown in 
Figures 2 and 3. As a matter of fact, the first fraction is about 
five times more concentrated than the second. It seemed advisable, 
therefore, to devise a method w T hich would express proportions 
with greater exactness, and, while several possibilities presented 
themselves, the virus-unit method appeared reasonably satisfactory 
for the present. 

From the results obtained thus far, it is evident that experiments 
of a similar nature should be repeated several times. Large popula¬ 
tions of test plants should be employed when possible. To this end, 
the number of dilutions should be reduced as much as possible in 
order to facilitate the use of larger numbers of plants for a dilution 
test. In this way experimental variation ma} 7 be reduced to the 
minimum. 

PURIFICATION STUDIES 

FILTRATION 

Of the physical methods of separation, filtration probably has been 
used more generally than any other for purifying many biological 
compounds. In studies on the virus of mosaic it has been demon¬ 
strated many times that the virus passes certain filters and, conse¬ 
quently, the filtered virus is partially purified through the removal 
of the larger suspended and colloidal materials which were present 
in the original extract. It has long been known that ordinary char¬ 
coal and sand filters remove more of the impurities from water after a 
considerable amount of debris or slime has collected in the filters than 
they did before. This relationship is known also to hold generally 
in commercial filtration processes, and it has been recognized by 
those who produce various biological products, such as serums, 
vaccines, and antitoxins, that filter slime may itself be a good filter, 
depending on its nature (13). 

In the ordinary filtration procedures with paper filters it is evident 
that a filtrate of extract from freshly collected plant leaves becomes 
decidedly clearer as filtration proceeds. A simple experiment con¬ 
ducted with soft filter paper, an ordinary ribbed, glass funnel, and 
400 c. c. of freshly expressed juice from tobacco leaves showed that 
the first 10 c. c. of filtrate contained sufficient chlorophyll to render 
it almost as green as the unfiltered juice. The second 10 c. c. con¬ 
tained very little chlorophyll, but there was much brown-colored 
material in suspension; so much, in fact, that light from a 100-watt 
mazda lamp with a concentrated filament would not pass through the 
filtrate when in a test tube 16 mm. in diameter. In the case of the 
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fourth 10-c. c. sample of filtrate, the light passed through slightly, 
and in each succeeding sample it passed more readily, until in the 
fourteenth 10-c. c. sample, the filtrate was very clear, and the light 
shone through with great brilliance. When all of the samples of fil¬ 
trate had been heated in a steamer long enough to bring about 
coagulation of part of the proteins, it was found that the amount of 
coagulum gradually decreased from the first to the fourteenth sample. 

With this evidence in mind, it appeared reasonable to believe 
that the slime which collects on the surface of biological filter 
candles does act as a filter, thus rendering it difficult to determine 
the actual filtration capacity of a given candle for the virus of mosaic. 

To test this point with a virus, the writer set up an experiment in 
which ordinary, soft-paper filters were employed in Buchner funnels 
4 inches in diameter. Fresh, undiluted juice from mosaic-affected 
tobacco plants was heated at 65° C. for 70 minutes in order to coagu¬ 
late the suspended material and a portion of the heat-coagulable 
proteins. This heating does not seem to impair the potency of the 
virus, and the resulting coagulum makes possible the use of paper 
filters for clarifying small volumes of fluid. 

After the coagulation process, two 15 c. c. samples of the fluid 
were put in two Buchner funnels and the filtrates were obtained 
under a vacuum of 30 inches of mercury. The resulting filtrates 
were very clear. One of these, and also its filter slime, were tested 
for virus concentration. The other filtrate was discarded, but its 
slime was carefully washed on the filter with 150 c. c. of cold, distilled 
water, after which it was made up to the original volume (15 c. c.) 
and tested for virus concentration. The results of these experi¬ 
ments are shown in Table 3. 

Table 3. —Virus concentrations in unfiltered fresh virus extract; in unfiltered fresh 
extract , heated at 65 0 C. for 70 minutes and filtered through soft filter paper; and 
in filter-slime precipitate , unwashed and washed 


Materials 

Peicentage of mosaic at dilutions of a -— 

Average 

virus- 

units 

0 

100 

1,000 

5,000 

10,000 

50, 000 

100,000 

Unfiltered extract.. 

100 

100 

100 

80 

00 ! 

20 

0 

2,222 

Filtrate,.,... 

100 

100 

40 

0 

0 ! 

0 

0 

111 

Precipitate. 

100 

100 

100 

SO 

00 

20 

0 

2,222 

Washed precipitate. 

100 

100 

100 

00 

0 

20 

0 

988 


a Five plants inoculated with each dilution. 


From these data it is evident that filter slime, under certain cir¬ 
cumstances at least, does remove a considerable quantity of the virus. 
The results from the washed precipitate seem to indicate that a con¬ 
siderable portion of the virus was held by the slime in a physical rather 
than a chemical manner. 

Further tests made with filtrates from fresh, unheated juices, were 
low in virus concentration as shown in Tables 4, 5, and 6. In Table 6 
it will be seen that the removal of part of the slime by means of the 
centrifuge previous to filtration seemed to enable a greater quantity of 
virus to pass the filter than when all of the slime was present. 
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Further tests on the filtration of substances have shown that the 
presence of filter slime offers considerable difficulty, and it now appears 
that, under certain conditions, the colloidal and other suspended 
materials which make up the slime are effective filters. 

Table 4. —Virus concentrations of unheated fresh virus extract, diluted with an 
equal quantity of distilled water; unjiltered and filtered 


Materials 

Percentage of mosaic at dilutions of a — \ 

Average 

virus- 

umts 

2 

1,000 

10,000 

j 

50,000 ! 

100, ooo j 

ITnfilteied extract...-... 

100 

100 

60 

40 

1 

0 i 

4, 027 

Berkefeld V filtrate b ..--- 

100 

0 

0 

0 

0 

c 24 

Beikefeld V filtrate h ____ 

100 

0 

0 

0 

o 

e 24 

Beikefeld W filtrate ___ 

100 

0 

0 

0 

i 0 

c 24 


a Five plants were inoculated with each dilution 

b Two tests were made on the “V" filtrate and one test was made by passing the “V” filtrate through 
a 11 W M candle. 

<• This value is based on the possibility that one out of six plants inoculated with extract diluted 1,000 
times might have developed mosaic. See explanation in text 


Table 5. —Virus concentrations of unheated undiluted virus extract; unjiltered and 

filtered 

(The extract stood in the laboratory foi five hours before the filtration was made) 



Mateuals 

Peieentage of mosaic at dilu¬ 
tions of«— 

Average 

virus- 



100 

1 , ooo 

10,000 

units 

Untilteied ext i act ___- 

100 

100 

90 

7,692 

*1.3 

Beikefeld V filtiate_ _ ___ . . . 

0 

0 

0 



! 

1 

! 


° Ten plants were inoculated with each dilution. 

* Tins value is based on the possibility that 1 out of 11 plants inoculated with extract diluted 100 times 
might have developed mosaic. See explanation in text. 


Table 6. —Virus concentration of fresh undiluted virus extract; of a portion of the 
same extract after it had been centrifuged .for seven minutes at approximately 
50,000 revolutions per minute, and of filtrates from fresh and from centrifuged 
extract 


Mate imls 

Peieentage of mosaic at dilutions of 

~ 

Average 

0 

500 

1,000 

10, ooo 

30,000 

100, ooo 

virus- 

units 

Fresh extract..... 

100 


100 

so 

0 

0 

5,000 
1, 111 

Centrifuged extract__ 

100 


100 

40 

0 

0 

Filtrate, fiesh extract b ... 

100 

20 

20 

*0 

0 

25 

Filtrate, centrifuged extract b . 

100 

60 

i SO 

I 

20 

0 


317 


° Five plants were inoculated with each dilution. 
b A Beikefeld V filter candle was used. 


By using hemoglobin as a test substance, it was found in two 
experiments that approximately 18 and 50 per cent of the hemoglobin 
in 1 per cent water solutions passed a Berkefeld V filter (% by 
inches) at the rate of 10 c. c. in 45 and 15 seconds, respectively. The 
reduced concentration of hemoglobin in the first filtrate was due to 
extraneous material which collected on the filter and formed a slight 
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slime. This material was removed, from the hemoglobin by means 
of a supercentrifuge before the second experiment was. started. A 
1 per cent hemoglobin solution was then prepared by mixing a 2 per 
cent water solution of hemoglobin with an equal quantity of fresh, 
undiluted, unfiltered tobacco fluid from very young plants. 1 This 
solution was filtered in the same filter candle referred to above, after 
it had been thoroughly cleaned. No visible hemoglobin passed with 
the filtrate. In fact, the presence of the hemoglobin in the unfiltered 
extract so improved the filtering properties of the slime deposit that 
about one-half of the lemon-yellow pigment in the fluid was removed 
when the filtrate came through the candle. 

Three hours were required for 7 c. c. of this filtrate to pass the 
filter. By carefully washing the filter it was found that no visible 
hemoglobin got beyond the filter slime. This whole experiment was 
repeated and the same results were obtained. 

Although the filtration experiments are preliminary, the results seem 
sufficiently consistent to warrant the general conclusion that filtrates 
are relatively low in virus concentration. The filtrate concentrations, 
as found in these experiments, ranged from about 20 to 5,900 times 
less than the concentrations of the unfiltered extracts. It is apparent 
that certain of the suspended materials in an extract constitute a 
source of error and difficulty in filtration studies, and it appears that 
unpurified virus can not be employed with certainty for studies on 
the determination of the size of the virus particles by means of 
filters (5). 

This interpretation is borne out by results of colloid chemists who 
have studied particle sizes by means of filters. Even with purified 
colloids it is found that filters offer many difficulties, some of which 
may be reduced through the use of the supercentrifuge (28). 

In some cases the variability of filtration of a given substance has 
been explained on the basis of differences in the electrical charge on 
the filter. This explanation is doubtless correct for substances which 
have been purified to a considerable extent. However, in the case of 
complex plant extracts and animal sera it is likely that the effect of 
an electrical charge is sometimes more indirect than direct. The 
physical arrangement, of the suspended materials in plant extract can 
be greatly altered .by changing the electrical charge. Thus, the 
arrangement of these materials (slime) on the filter will alter the 
porosity of the slime layer and thereby alter the passage of virus. 

GRAVITATION AND SUPERCENTRIFUGATION 

As the quantitative virus studies indicated that the filtration 
process offers several difficulties when it is desired to recover highly 
concentrated virus, it seemed desirable to explore the possibilities of 
using gravity and centrifugal force to effect the desired separations. 
By these methods it is possible to recover all fractions more completely 
than by the use of filters. Moreover these methods do not introduce 
the difficulties resulting from the slime layer which forms on filters. 

A preliminary experiment was carried out w r ith fluid from tobacco 
plants affected with mosaic. This fluid was allowed to stand in a 
flask in a refrigerator for 12 hours. At the end of this period the re- 


4 The filtered juice from these young tobacco plants was colored a faint lemon yellow, and small traces of 
hemoglobin could be detected m it quite readily. 
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suiting supernatant fluid was decanted into another container. At 
the end of another 12 hours a second supernatant fluid was evident in 
the container which held the original sediment. At this time samples 
of the first and second supernatant fluids and of the final sediment 
were tested for virus concentration. As indicated in Table 7, the 
greatest virus concentration occurred in the supernatant fluid next 
above the sediment. 

Table 7. —Virus concentrations of three gravity fractions of virus extract which 
had been diluted with an equal volume of distilled water and allowed to stand in a 
refrigerator for 12 hours 


Fractions 

Percentage of mosaic at dilutions of 1 


Average 

virus- 

units 

i 

2 

2,000 

10,000 

20,000 

100,000 

200,000 

1 Cupper)..... 

100 ! 

100 

100 i 

so 

40 

20 

9, 259 

2 (intermediate)..... 

100 j 

100 

100 

so 

80 i 

60 

36, 666 

3 (bottom) .... 

100 1 

100 

40 

60 

1 

0 

0 

3,055 


a Five plants were inoculated with each dilution. 


The results of this experiment indicated that much of the extraneous 
material in fluids might be removed by centrifugation without 
reducing the virus concentrations as rapidly as by filtration. Pre¬ 
liminary tests with ordinary types of test-tube centrifuges soon in¬ 
dicated that the speeds were too low to effect good separations of 
fresh fluids. It was found that separations were much more easily 
made in fluids which had been heated at 65° C. or allowed to stand 
in the laboratory long enough to effect coagulation of a portion of the 
suspended materials. However, it was soon apparent that the juices 
from different lots of plants of the same species varied considerably. 
Some would not show coagulation on heating at 65° or on standing 
a’t room temperature for long periods. For this reason, experiments 
were carried out with high-speed centrifuges. 

The Sharpless supercentrifuge was first employed, and it was found 
that much of the suspended material in the most refractory extracts 
could be removed in a few minutes when the fluids were rotated at 
1 40,000 revolutions per minute. The laboratory model of this cen¬ 
trifuge offers several possibilities, but it was found to be too large 
for studying small volumes of fluid. 

Search for a centrifuge revealed one which, after some special adap¬ 
tations, served admirably for these studies. This machine is an out¬ 
growth of several centrifuges developed by E. A. Birge and C. Juday 
for their studies on the Wisconsin lake plankton. It had been de¬ 
scribed by Juday (12) and is again described in this paper in order 
that certain modifications may be noted (figs. 4 and 5). ^ 

The machine consists of a Dumore No. 3 multispeed grinding motor 
and spindle mounted vertically on a right-angle cast-iron base. 
The centrifuge cup is screwed on the upper end of the spindle. 

For centrifuging a continuous flow of fluid the cup is mounted in a 
brass housing on the top of the spindle casting. For the study of 
small batches of fluid this housing is not necessary. 
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Fig. 4—Supercentrifuge, constructed by attaching a high-speed motor and grinding spindle to a 
cast-iron upright. The centrifuge bowl is screwed on the top end of the spindle, which is inclosed 
m the housing and water jacket shown m Figure o. As illustrated, the machine is arranged for 
centrifuging a continuous flow of fluid entering at the top. The solid material remains m the 
bowl and the liquid fraction runs out through the lateral rubber tube 
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Fig. 5. —Parts employed in connection with the centrifuge shown in Figure 4: A, an ordinary 
sedimentation tube head w r hich can be put on the spindle in place of the bowl; the metal disk 
prevents the shields from striking the motor and support; B, the housing cover, which is used 
when centrifuging a continuous flow of fluid; this cover fits into C, and its internal disk fits into 
the bowl D to prevent the liquid from flying out of the bowl before it has been subjected to 
centrifugal force; C, the housing which serves as a collecting head for the centrifuged fluid that 
comes over the upper edge of bowl D, and also as a water jacket for cooling the upper bearings 
of the spmdle; D, the bowl; this rotates in B and C when a continuous flow of fluid is being 
centrifuged; E, a thin spring-brass cover which is screwed to the centra] post in cup D, when 
small quantities (4 to 8 c. c.) of fluid are centrifuged; in this case the housing cover B is not used 
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In most of the studies single small lots of fluid, ranging from 4 
to 10 c. c. were employed. As the centrifuge is run at its maximum 
speed, approximately 50,000 revolutions per minute, it is obvious 
that a great amount of evaporation takes place in an open cup such 
as was"empk> 3 T ed by Juday. For this reason the writer now uses a 
bronze bowl 2 inches in diamater and 1 inch deep (inside dimensions). 
The walls form an acute angle of 8° with the bottom. By turning 
a small bead on the inside of the top edge the bowl holds approxi¬ 
mately 8 c. c. of fluid when running at full speed. The central post 
in the bowl is slightly lower than the edges of the wall. A small 
hole in the top of this is tapped to take a small screw, which fastens 
a very thin, spring-brass cover over the bowl. This cover prevents 
evaporation and thus enables accurate tests to be made on the 
different fractions. 

Earlier, a bowl with vertical sides was constructed, with a cover 
which screwed onto the walls of the bowl. After some experimenting, 
it Avas found almost impossible to obtain a sufficiently tight cover 
to prevent the loss of the fluid while it was being centrifuged, and 
as a consequence this construction had to be discarded. 

In certain studies it was necessary to centrifuge for a rather long 
time, and frequently the machine was in use over long periods while 
several successive samples were being centrifuged for short intervals. 
Under these conditions the upper bearings of the spindle got very 
warm and the speed was sometimes reduced on this account. To 
eliminate this difficulty the writer designed a water jacket at the 
base of the bowl housing, as shown in Figure 5, O. 

To oil the bearings small copper pipes were inserted in the oil holes 
at the bottom bearings of the motor and spindle. These were turned 
upward so that the oil might be introduced readily. It is estimated 
that this machine exerts a force almost 70,000 times greater than the 
force of gravity when rotating a bowl 2 inches in diameter at ap¬ 
proximately 50,000 revolutions per minute. 

In addition to the mechanical problems which arose, many new 
problems were encountered in connection with plant fluids and with 
the virus. For this reason the data presented can not be considered 
final. However, in general, they are so consistent that it seems worth 
while to present them in summarized form in order to throw further 
light on the virus and to show more clearly the value of the quanti¬ 
tative method which has been described. 

In all of the experiments carried out the solid fractions were care¬ 
fully removed in a volume of sterile distilled water equal in weight 
to the fluid fraction removed. Therefore, the virus concentrations 
in all fractions were compared on practically an equal-volume basis. 
The differences in the specific gravity of the fluids were so small that 
they are ignored in the present discussion. 

Four experiments were conducted to determine the concentration 
of virus in the heavy chlorophyll-bearing material present in fresh 
extract from diseased plants. This fraction usually can be separated 
from 4 c. c. of fluid in about 15 seconds by centrifuging at full speed. 
From results of these experiments, shown in Table 8, it is evident that 
this first heavy fraction is very low in virus content as compared with 
the remaining fluid fraction. 
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Table 8 .—Virus concentrations in solid and fluid fractions fro?n a fresh virus 
extract centrifuged in a closed howl for one minute at approximately 50fi00 revolu¬ 
tions per minute 


Experiment No. 

Fraction 

Percentage of mosaic at dilutions of a — 

1 

< Average 
| vims 
j units 

0 

o 

o 

o 

10,000 

50,000 

100,000 

1.....! 

Control (un- 








centrifuged 








extract) 

100 

100 

60 

20 

20 

2,499 

o 

1.. _ _ 

.do._j 

Solid_ 

100 

100 

100 

40 

40 

0 

20 

0 

20 j 

o 

2, 036 

111 

2... 

.do .. 

100 

40 

0 

0 

o 

111 

3..... 

.do.. 

1 100 

20 

0 

0 

o 

33 

4__ 

.do__ 

100 

SO 

o 

0 

o 

500 

Mean__.. 

j 






188 

1..1 

Fluid_ 

100 

100 

40 

20 

20 1 

2,036 

2..i 

.do_ : 

100 

100 

20 

20 

0 1 

1,000 

3.. 

_do. 

100 

100 

80 

60 

20 1 

6,944 

4.. .. 

_do. __j 

100 

100 

SO 

20 i 

20 1 

3,333 

Mean_ 





j 

1 

3,328 




1 1 i 


i 


® Five plants were inoculated with each dilution. 


An experiment was carried out to determine if centrifuging the 
extract for longer periods would cause the virus concentration in the 
solid fraction to increase. It was found that the concentration did 
increase in the solid fraction when the fluid was centrifuged for nine 
minutes, but the increase did not seem to be very great. 

It was then decided to determine the effect of combining heat 
treatment with long centrifuging. The results of this experiment are 
given in Table 9. It will be seen that this combination makes possible 
the removal of a large percentage of the virus from the fluid fraction. 

Eight additional experiments were conducted on this phase of the 
problem. The data are given in Table 10. In each of these experi¬ 
ments it was found that the virus concentration in the solid fraction 
from whole extracts which were centrifuged for short intervals (one- 
half to one minute) was low, and that the virus concentration in the 
fluid fraction was high. However, by heating the extracts at 65° C. 
until coagulation occurred and then centrifuging them for 5 to 10 
minutes, it was possible to remove a large percentage of the virus 
from the fluid and concentrate it in the solid fractions. 

In all of the centrifugation studies thus far conducted it appears 
that the virus concentration of the fluid fraction can be reduced most 
readily in extracts which have been heated at 65° C. for 10 to 15 
minutes, or which have stood in the laboratory for several hours. 

In general, it seems evident that the results of the gravitation and 
the centrifugation experiments agree in that the virus concentration 
is greatest in what might be termed the “ intermediate ” fraction. 
Whether the small amount of virus which remains in the fluid fraction 
after long centrifugation is the result of contamination from the solid 
fraction, or whether it represents a form which is in solution, is not 
known. When the centrifuge stops there is considerable washing 
of the solid fraction by the liquid fraction, and a portion of the virus 
which has been deposited may be taken up again by the fluid. The 
ultimate solution of this problem depends to some extent on further 
improvement of the apparatus. 


54977—27 - 3 
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Table 9. —Virus concentrations in solid and fluid fractions from fresh virus extract 
centrifuged for 2 seconds; in solid and fluid fractions from virus extract which , 
after having stood for 4 hours at room temperature, was heated at 65° C. for 15 
minutes arid centrifuged for 10K minutes at approximately 50,000 revolutions per 
minute 


Fractions 

Percentage of mosaic at 
dilulions of a ~~~ 

100 1,000 10,000 

. 

I Average 
virus- 
units 

Solid fraction from fresh extract centrifuged for 2 seconds b . 

90 

40 

20 

m 

Fluid fraction from fresh extract centrifuged for 2 seconds. 

100 

100 

100 

10,000 

Solid fraction from 4-hour extract, heated at 65° C. for 15 minutes 



80 


and centrifuged for 10b£ minutes c —.-.. 

100 

100 

5,000 

Fluid fraction from 4-hour extract, heated at 65° G. for 15 mm- 




128 

and centrifuged for 10K minutes.-. 

90 

; 50 

10 


* Ten plants were inoculated with each dilution. 

b it was found that practically all of the chlorophyll-bearing material m this particular sample of extract, 
was removed from the fluid by centrifuging for the unusually short time of 2 seconds at full speed. 

c This fraction was obtained by centnfugmg the sample in two operations, thus causing some loss of virus 
However, it is believed that the difference between the concentrations of virus m the fluid from the sample 
centrifuged for 2 seconds and of that in the solid fraction from the sample centrifuged for 1034 minutes is 
largely due to expenmental variation which would have been reduced if a largei number of test plants had 
been used. 

Table 10. —Mean data from eight experiments, showing the virus concentration 
in solid and fluid fractions from extracts centrifuged for short periods ( one-half 
to 1 minute) without heating , and for long periods (5 to 10 minutes) after heating 
at 65° C. 



I 

| Mean peicontage of mosaic at dilutions of— 


Average 


0 

100 

1,000 

10,000 25,000 

50,000 

100,000 

units 

Short time__ 

/Fluid... 100 

100 

90 

50 30 

20 

20 

1,842 


\Solid— 100 

70 

43 

10 6 6 

0 

0 

142 

Long time--. 

/Fluid... 100 

73.3 

48 

32 6.6 

0 

0 

307 


\Solid_ 100 

100 

90 

50 40 

0 

0 

1, 755 


STUDIES ON THE VARIABILITY OF VIRUS EXTRACTS 

The quantitative method has been applied to several virus prob- 
lems other than those cited, but there are fewer data on these. 
However, it may be stated that evidence now available indicates 
that virus concentrations in expressed extracts are influenced con¬ 
siderably by the method of extraction. In one experiment tho 
extract from fresh mosaic-affected tobacco leaves, passed through 
the fine putter of a food-chopper, had a virus concentration of 6,332 
virus-units. When the press cake or tissue from which this extract 
was removed was ground with quartz sand in a quantity of water 
equal to the quantity of extract removed the resulting expressed 
extract contained 5,479 virus-units. 

In a second similar experiment it was found that the first extract 
contained 6,667 virus-units, and the second extract, obtained after 
grinding the press cake "with sand, contained virus amounting to 
3,333 virus-units. A hand press was used in all of the experiments 
reported. Had a hydraulic press been available, it is probable that 
the virus concentrations of extracts from tissue passed through a 
food chopper would have been greatly increased. Doubtless the 
crushing of the cells with sand aids in increasing the yield of virus. 
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However, it appears that the presence of the sand in the press cake 
aids the virus in escaping from the press cake into the press fluid. 
Experiments on frozen tissue seem to bear out this point to some 
extent. 

Virus concentration also varies in different parts of the same plant. 
In one experiment it was found that extract from the six uppermost 
leaves of a mosaic-mottled tobacco plant contained virus amounting 
to 3,072 virus-units. The extract from the stem to which these 
leaves were attached contained only 33 virus-units. In a second 
similar experiment the leaf extract contained 38,461 virus-units and 
the stem extract 3,255. 

It has been found that the virus concentration is from two to four 
times greater in succulent plants than in older woody plants. The 
upper mottled leaves of a diseased plant contained about one-third 
more virus than the lower unmottled leaves of the same plant. 

Extracts from the tobacco plant vary greatly in their ability to 
produce a marked coagulum and precipitate on standing at room 
temperature or on being heated. In some cases a marked coagulum 
will develop and settle out of expressed tobacco fluid when it has 
stood for two or three hours, whereas fluid from tobacco plants 
grown under different conditions may show no change to the eye- 
after standing three or four days. Under certain conditions, a 
good coagulum will develop and settle out of freshly expressed to¬ 
bacco juice when heated 5 or 10 minutes at 40° C. yet it is not 
uncommon to find tobacco extract which shows no apparent coagula¬ 
tion until the temperature reaches 90° or above. All gradations of 
coagulation have been observed between these temperatures. On 
further study with supercentrifuged extracts it was found that some 
of the protein and other substances do coagulate in all of these 
fluids when heated. However, under certain conditions this is 
masked by the chlorophyll-bearing material, which does not always 
coagulate and settle out at lower temperatures. In general it may 
be said that the extracts from tobacco plants grown in the summer 
coagulate more readily than do those from plants grown in the 
autumn, winter, or spring. 

Juices from all plants of the same species do not filter alike. In 
some cases it is possible to obtain complete filtration of a given quan¬ 
tity of fresh extract in from 10 to 15 minutes, whereas an equal 
quantity of another lot of fluid similarly handled may require 3 to 4 
hours to pass the same filter candle. In the centrifugation studies 
it w T as found that some fluids would clarify in 5 seconds, whereas 
others required almost 60 seconds to reach the same degree of clarifi¬ 
cation. Extracts from summer-grown tobacco plants seem to filter 
and clarify more readily than do those from plants grown in the 
autumn, winter, and spring. Extracts from old plants are less easily 
filtered and clarified in the centrifuge than are the extracts from 
younger plants. Several tests have shown that extracts from old 
plants do not produce a coagulum as readily on heating as do the 
extracts from young plants. The age of plants seems also to influence 
the rate of precipitation of a coagulum produced by heat or by stand¬ 
ing at room temperature. The conditions that regulate the growth 
processes—as nutrition, temperature, soil, atmospheric moisture, and 
light—seem also to regulate the behavior of plant extracts in vitro. 
It would therefore appear that if uniform extracts are to be obtained 
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for use in experiments of the sort described, more attention must^be 
given to the regulation of the growth conditions and to the selection 
of the plants employed. 

In addition to the variables which are unavoidable in the culture of 
the plant there are others which are due to the methods employed in 
handling the extracts. In general it has been found that extracts 
filter and also clarify in the centrifuge more readily after they have 
stood in the laboratory for some time, been frozen, treated with cer¬ 
tain chemicals, or after they have been heated at 65° C. for 5 to 10 
minutes. It is apparent that anything which changes the physical 
or chemical state of the suspended material in an extract is likely to 
affect filtration and clarification. 

CONCLUSIONS 

Experiments which are presented in this paper indicate that the 
virus of tobacco mosaic can be studied quantitatively through the 
use of dilution and inoculation methods. _ The method which is 
suggested has been tested in connection with the study of several 
problems, and the relative congruity of the virus concentrations in 
fractions obtained in a similar manner lends support to the method. 

The accuracy of the method depends on several factors which are 
not easily controlled. In order to reduce experimental variation to 
a minimum, it is necessary to use large areas of greenhouse space for 
the many test plants. This makes it difficult to control temperatures 
as accurately as v r ould be possible in small chambers. At the present 
time it is impossible to obtain even approximately uniform sunlight 
conditions for experiments carried on at different periods of the year. 
However, in spite of these variables, it seems evident that the method 
offers a basis for the further improvement of quantitative methods. 

The preparation of virus in some standard form which may be 
employed as a control in quantitative tests of virus of unknown 
concentration should tend to simplify the present difficulty of growth 
variables which occur in experiments that are not conducted simul¬ 
taneously. A similar procedure has made it possible to perfect the 
biological assay of certain drugs and antitoxins. 

Data presented show" that filtrates of virus extract tend to be low 
in virus concentration. These data indicate that the filter slime, 
which is composed of suspensoidal and colloidal materials contained 
in the extracts, removes a considerable amount of the virus. On 
this account it is impracticable to employ filters in certain stages of 
purifying a virus and in making studies on the size of the virus 
particle. 

Tests carried out with a supercentrifuge show that the heavy 
suspended particles in a virus extract can be removed by centrifugal 
force without seriously reducing the concentration of the virus in the 
fluid fraction. A large proportion of the virus can then be removed 
from the fluid by heat coagulation and further centrifugation. 

Preliminary experiments indicate that the concentration of the 
virus varies in plants grown under different conditions, in plants of 
different ages, and in different parts of the same plant. It was also 
found that the concentration of virus in an extract is influenced by 
the methods used in preparing the tissue and in making the extraction. 
The chemical and physical behavior of extracts also varies in plants 
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of different ages and in plants of the same age but which are grown 
under different conditions. 

From the results presented, it is evident that the methods of cul¬ 
turing and selecting the plant material, and the methods employed 
in making and manipulating the virus extracts must be standardized 
just as far as possible to insure reasonably uniform results. 
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AGE OF POLLEN AND OTHER FACTORS AFFECTING 
MENDELIAN RATIOS IN MAIZE 1 


By J. H. Kempton 

Associate Botanist, Biophysical Laboratory, Bureau of Plant Industry, United States 

Department of Agriculture 

INTRODUCTION 

Mendelian inheritance is based upon the assumption that the 
heritable elements, or genes derived from the parents remain un¬ 
changed and are distributed equally to the gametes. Under normal 
conditions, therefore, the gametes of hybrids should fall into two 
equal classes with respect to any given character pair. That such 
is indeed the fact is attested by innumerable experiments. With 
some characters, it is true, orthodox ratios are not always found. 
Most of these cases, however, can be explained by a differential 
viability of the zygotes or other causes not associated with the ratios 
of the genes in the gametes. 

The present thesis is that modification of the Mendelian ratios 
can occur in the gametes. The genes here dealt with are the G c 
pair involved in the production of aleurone color in the seeds of 
maize, and the Wx wx pair that determine whether the seeds shall be 
homy or waxy. 

Both pairs have been used in numerous experiments in the past 
decade and the 0 c pair has always behaved in orthodox fashion. 
The Wx wx pair, on the other hand, though closely approximating a 
simple Mendelian behavior, has given, with some consistency, a 
deficiency of wx wx zygotes of 1 or 2 per cent. 

Several explanations have been suggested to account for this 
slight deficiency but it now appears that these are inadequate, for 
not only are the wx wx zygotes often below the expected but under 
certain circumstances they are greatly in excess of the expected 
proportions. 

From experiments with the storage of pollen it seems clear that in 
fresh pollen the effective gametes bearing the wx genes are below 
equality, whereas in old pollen such gametes are in excess of equality. 
The hitherto observed approximation of the percentage of waxy 
seeds to the Mendelian expected seems to have been the result of a 
fortuitous blending of fresh and old pollen, or to the even more 
remarkable coincidence—the use of pollen of just that age where the 
two sorts of gametes function equally well. In a certain sense the 
alteration in the proportion of the Wx wx genes in the stored gametes 
may be considered as selection, differentiating between gametes. 

Although a legitimate difference of opinion exists as to the role of 
natural selection in evolution, there can be no question that stringent 
conditions result in the elimination of maladjusted organisms. 
Certain combinations of hereditary factors doom the individual 
possessing them to an early death, and still others make survival 
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difficult except under the most favorable conditions. With plants 
the operation of natural selection is an ever-present and clearly 
visible phenomenon. This is well illustrated by those plants that 
inherit a genetic combination which prevents the development of 
chlorophyll. Geneticists are familiar with numerous heritable con¬ 
ditions that effect the vitality of the organism; some as in albinism, 
causing death at very early stages and others permitting the plants to 
struggle through to the production of a few seeds. Practically all 
mutations have a lower vitality than the normal forms from which 
they came, and are, therefore, more susceptible to adverse environ¬ 
ment. Such cases illustrate natural selection operating upon zygotes. 

From the standpoint of greatest economy of effort, a selection 
operating upon gametes offers many advantages. Especially is this 
true of plants, where millions of gametes are formed and exposed to 
external conditions for every one that functions successfully. 

If external factors are to differentiate between gametes it is neces¬ 
sary that the characteristics of gametes be influenced by the genes 
they bear. The opportunity to measure directly any influence of 
the genes on the character of the gametes is limited. However, if it 
were found that adverse conditions operated as a selective agent in 
such a manner as to alter Mendelian proportions, it would be a fair 
inference that the genes had affected the characteristics of the gametes. 

Not many examples, however, have been reported of selection 
operating upon gametes. It is true that selective fertilization is a 
well-established phenomenon and that certain classes of self and cross 
sterility involve gametic selection. These cases, however, all con¬ 
cern the interaction of the genetic factors of the gametes of opposite 
sexes and properly can not be considered as selective differentiation 
in the sense of external factors affecting unequally the different sorts 
of gametes. 

Belling ( 1 ) 2 and others have shown that under normal conditions 
certain genetic factors are lethal to the gametes carrying them, but 
it is possible that under more favorable circumstances some of these 
gametes could effect fertilization. If this were possible such cases 
would provide an example of an external force operating as a selec¬ 
tive agent upon gametes. However, no clearly authenticated ex¬ 
amples of the revival of genetically sterile gametes, by unusually 
favorable conditions, have been reported and these cases must be 
left in the realm of possibility only. 

In animals it has been shown that alcohol, when administered to 
prospective parents, acts as a selective agent not only on the newly 
constituted zygotes but on the gametes as well {12). The experiments 
with alcoholized animals furnish the best authenticated examples of 
selection operating upon the gametes. However, no evidence has 
been presented to show that specific genes ultimately determine the 
fate of the gamete bearing them. The evidence for selection rests 
upon such multiple gene characters as size and vigor as expressed by 
the offspring of alcoholized parents and the selective agent appar¬ 
ently operates upon a combination of genes. 

With most genes their presence in the gamete can be inferred only 
from breeding tests, but in the case of the gene for waxy endosperm 
m the seeds of maize its presence in the gamete is associated with a 

2 Reference is made by number (italic) to “Literature cited,” p. 73 . 
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chemical change that can be demonstrated by suitable treatment 
with iodine (9). 

It follows that if the chemical nature of the contents of the gametes 
is influenced by the genes borne by them, an opportunity is presented 
for external factors to operate as selective agents. This would seem 
to be the case with the male gametes of maize, and evidence of the 
operation of selective factors is submitted in the following paper. 

It has long been known that the percentage of waxy seeds is often 
below the expected in crosses where the male parents are heterozygous 
for this character. The conclusion was reached early that the male 
gametes bearing the waxy gene were at a disadvantage in effecting 
fertilization when in competition with gametes bearing the dominant 
allelomorph. Recently Brink has reported several experiments that 
confirm the conclusion as to the lower viability of male gametes 
bearing wx (3). His experiments show that the smaller proportion of 
functioning gametes bearing the waxy gene is due to a lower vitality 
of these gametes. This lower vitality is manifested by a slower rate 
of pollen-tube growth, when compared with that of the gametes 
bearing the dominant allelomorph. 3 

Worldng with comparable material but with a somewhat different 
viewpoint, the writer has amassed data that fail to support all of 
Brink’s conclusions and that provide still further insight into the 
behavior of the gametes bearing the wx gene. These data have 
been brought together in the present report. Much of the material 
is of a disconnected nature, some being fragmentary, but in view of 
the continued interest in the waxy-nonwaxy segregation it was 
thought desirable to make all the data available. 

Accordingly, the records accumulated over a period of several 
years have been scanned for their bearing upon the questions raised 
by others as well as upon those arising in these studies. That the 
results presented in the following pages occasionally fail to accord 
with those published by others simply indicates that knowledge of 
this pair of endosperm factors is as yet imperfect. Doubtless better 
agreement will follow further investigations, and it is to be hoped 
that the views here published will meet with sufficient incredulity 
to stimulate critical experimentation. The study of the waxy 
character has attained a respectable age, and without apparent loss 
of vigor, has retained a lively interest. 

In the discussion of the behavior of the waxy gene it became 
distressingly obvious that the very awkward phrase “ ratio of waxy 
to nonwaxy bearing gametes” reeuiTed with disconcerting frequency. 
To avoid this undesirable expression, the term “nonwaxy” has been 
omitted wherever possible, and the phrase has been further shortened 

3 Since this paper was prepared, four articles have appealed hearing directly on the subject of gametic 
selection. Working with shape and color of the seeds in peas, Bond (2) shows that when imm ature stigmas 
are fertilized with mature pollen from the same plants the proportion of wrinkled to smooth seeds is in 
excess of the expected, whereas when flowers on the same plants are self-pollinated, wrinkled seeds are below 
the expected. This difference is attributed to the fact that pollen applied to immature stigmas is in effect 
stored, since germination is delayed until the stigmas are receptive. 

Kiesselbach and Petersen (S) have added further data confirming the deficiency of waxy seeds. They 
conclude that the deficiency is due to a differential pollen tube growth, dependent upon the waxy gene or a 
gene closely linked with it. 

Mangelsdorf and Jones (10), in a discussion of the gametophytic factors in plants, suggests that the de¬ 
ficiency of waxy seeds is due to the action of a gametophytic factor located on the chromosome with the 
waxy gene. 

Muller and Settles (11) show that, at least for Drosophila, the functioning of the gametes is not affected 
by the genes they bear. These authors discuss the differences between plants and animals with respect to 
the sporophytic generation and point_out_tbat m thejormer, enviromc differences might be expected to 
result in!gametic selection. 
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by characterizing the gametes by the nature of the genes borne by 
them, disregarding the fact that the gametes serve only as vehicles 
for the genes. It is believed that no serious ambiguity results lrom 
this abbreviated form of statement, and the reader is spared the 
repetition of an annoying phrase. 

Before presenting the results obtained in deliberate attempts to 
modify the gametic ratios with respect to the c and wx genes an 
analysis will be presented of data, amassed for other purposes, which 
may be utilized to confirm or refute previous conclusions. 

RATIO OF WAXY TO HORNY NOT INVARIABLY LOWER IN THE 

MALE GAMETES 

In a previous paper (7) it has been shown that the proportion ol 
waxy to horny seeds is less than the expected when the male parent 
is heterozygous for the waxy gene and, further, that when the female 
parent is heterozygous no such deficiency occurs. This conclusion 
was based on data, only a small part of which involved identical 
plant reciprocals, and was open to the criticism that the plants 
furnishing the gametes of one sex were not identical with those 
furnishing gametes of the other sex. 

Recently, with more extensive material, Brink (3) has confirmed 
the conclusion with respect to the deficiency of waxy seeds when the 
male parent is heterozygous, but his data suffer from the defect 
mentioned above in that the comparison was not restricted to direct 
plant reciprocals. 

In a study of the factors affecting the rate of crossing over there 
has been accumulated a series of 151 direct plant reciprocals from 13 
closely related progenies. These reciprocal crosses provide material 
for a further test of the ratio of waxy to horny gametes in the sexes. 

None of these ears involved, in a heterozygous condition, either the 
su endosperm or I aleurone factors that have been shown by Brink 
to affect the proportion of waxy gametes. 


Table 1.— Comparison of the percentages of waxy gametes in the two sexes; crosses 

limited to plant reciprocals 


Progeny designation 


Dh 416 L3 LI Cl Ll L22.„. 
Dh 416 L3 Ll Cl Ll Ll L23. 
Dll 416 L3 Ll Cl Ll L2 L23. 
Dh 416 L3 Ll Cl Ll L3 L23. 

Dh 416 L3 Ll C3 L21.. 

Dh 416 L3 Ll C3 Ll L22.... 

Dh 416 L3L1 C6L21. 

Dh 416 L3 Ll Co L4 L23.... 
Dh 416 L3 Ll CS L4 Ll L24. 
Dh 416 L3 Ll C5 L3 Ll R23. 
Dh 416 L3 Ll Co L3 L2 P23. 

Dh 417 Ll L2 Ll L21. 

Dh 417L1L2 Ll L2 L23._._ 


Num¬ 

ber 

crosses 

Female gametes 

Male gametes 

Number 
of seeds 

Per cent 
waxy 

Number 
of seeds 

Per cent 
waxy 

4 

1,919 

49.4d=°l. 21 

1,885 

51.1=4=1.00 

7 

3, 400 

49. 6=fc .41 

2,304 

49.S=b .49 

8 

3, 064 

51.2d= .68 

2,722 

49. Orb 77 

7 

2, 933 

48. 5db .48 

1,387 

49.0d= . 72 

5 

2,331 

50 ldb . 46 

4,100 

56 0±1.55 

5 

3, 296 

50. 0d= .35 

2, 266 

54.3d= .63 

5 

4, 068 

4S.7d= .07 

7,352 

48. 5± . 53 

7 

3, 523 

46.8dt 1.30 

3,061 

47. 7=b . 77 

17 

7, 336 

49. 2d= .36 

6,300 

46. 7=b . 59 

49 

24, 627 

50.3=b .23 

27,517 

48. I± .31 

11 

5, 284 

49.4± .36 

3, 6831 

46 3db . 79 

13 

4, 995 

49.9d= .56 

4,693 

50. 2=fc . 57 

13 

4,122 

51.3=1= .70 

3,757 

49.3=fc .61 


DiiTereuce, 

female-- 

mule 


~i.7il.57 
2d= . 64 

1, (lit. 03 
—. r»=b .87 

-fl.9dbl.fi2 
-4. Ids . 72 
. 2db .8fl 

2.1 dsl.fll 

2 . 5=b . m 
2 2=fc . 39 

3.1 sfc .87 
-.3=1= . 80 
2.0d= . 93 


« All errors corrected for size of population. 


The summarized data for the 13 progenies are presented in Table 1. 
Inspection shows that there is no consistent deficiency of functioning 
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waxy gametes in the male sex, and in fact the greatest differences 
between the sexes in this respect are those where a deficiency of waxy 
gametes is indicated in the female sex. 

From inspection there would seem to be no objection to combining 
the results from the 13 progenies, but Fisher's (< 6) test for homogeneity 
clearly shows this array of differences to be heterogeneous. 

It would appear then that the earlier conclusion as to the deficiency 
of waxy seeds when heterozygous plants are used as male parents is 
applicable only to certain progenies, and the opposite condition may 
obtain with other material. 

However, despite the failure of this material to substantiate earlier 
conclusions, it is clear that the proportion of functioning waxy 
gametes in the male sex is more variable than the proportion in the 
female sex. 

If the mean standard deviation of the percentage of waxy seeds 
is calculated for the two sexes in the reciprocal crosses from the 
13 progenies it is found that the cr 9 =2.365 ±0.150 and <r $ =2.98 
±0.118, or a difference of 0.615 ±0.19. Thus the variability of the 
waxy-horny ratio in the male gametes is 26 per cent greater than that 
found in female gametes, but this difference only slightly exceeds 
three times the error. 

If the data are treated as paired observations of the standard 
deviation of male and female gametes, and the mean difference and 
probable error calculated from the array of differences between 
the members of each pair, weighted by the reciprocal of the squared 
probable error of the differences (to correct for populations of varying 
sizes), the mean difference in standard deviation is found to be 0.572 
±0.173, a difference of 3.3 times the probable error (when the stand¬ 
ard deviation of the array has been corrected for the small size of the 
population). This latter method of treating the paired observations 
corresponds very closely to Student's method. The latter show r s 
that a difference of the observed magnitude would not be expected 
to occur as the result of chance more often than once in 42.5 trials. 
This is very close to the odds of 37.5 to 1 deduced from the departure 
of 3.3 times the error. 

Further, Fisher's test (6) for homogeneity shows that the array of 
differences is homogeneous. 

If there is any intimate connection between the proportion of 
functioning waxy gametes and the variability of the percentage of 
such gametes, it should be found that the percentage of waxy gametes 
is more variable in the male sex when there is a deficiency of such 
gametes in this sex and, conversely, the variability should be less in 
the males when the w^axy gametes are in excess in this sex. No such 
agreement is found, and in fact the most variable progeny with 
respect to the waxy ratio in the male gametes is one in which this 
ratio was highest in the male gametes. 

It has been shown in a previous publication ( 5 ) that the ratio of 
waxy to nonwaxy gametes in the male sex is profoundly modified by 
storage of the pollen for even a few hours, and it seems not unreason¬ 
able to infer that shorter periods of storage would have a correspond¬ 
ingly less pronounced effect. 

In these experiments the tassels of the plants to be used as male 
parents were baggedusually one ormore daysbefore making the crosses. 
There is evidence that a small quantity of pollen may remain viable 
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for 24 hours, and since old pollen has a higher proportion of waxy; 
gametes, there would be a tendency to increase the percentage of 
waxy seeds over the expected equality, when the parents had been 
bagged even one day in advance of use. An effect of this nature 
might well account for the observed gametic ratios in the sexes. 
It appears that the percentage of waxy gametes is more variable in 
the male than in the female, but there is no evidence that this varia¬ 
bility is associated with a differential viability. 

PERCENTAGE OF WAXY SEEDS ALIKE ON UPPER AND LOWER 
EARS WHEN MALE PARENT IS HETEROZYGOUS 

Since in some instances the percentage of waxy seeds is higher when 
the male parent is heterozygous and in others when the female parent 
is heterozygous, it seemed desirable to examine other groupings of 
data not based on sex differences. 


Table 2. —Percentage of waxy in upper and lower ears where male parent is hetero¬ 
zygous (Dh 416 L3 LI Co L4 LI L24) 


Plant numbers 

Upper ears 

Lower ears 

Difference 

Total 

seeds 

Per cent, 
waxy 

Total 

seeds 

Per cent 
waxy 

Upper- 

lower 

5702X5905_______ 

379 

46. 4il 73 

82 

52.4i3.72 

-6.0i4.ll 

5710X5909_ 

170 

44 7i2. 57 

340 

50. Oil. 83 

—5,3i3.16 

5725X5931___ 

660 

49.9il.31 

593 

49. Sil. 39 

. lil. 91 

5759X 5912.. 

598 

45. 7dtl.37 

583 

47.4±1.40 

-1. 7il. 96 

5718X5903__ 

516 

50. 8il. 48 

566 

48.lil.42 

2. 7i2.05 

5743X5950-a... 

564 

54. lil. 42 

703 

50. lil. 27 

4. Oil. 91 

5781X5972........ 

525 

54. Til. 47 

568 

55. ldbl. 41 

- * 4i2.08 

5795X5991. 

266 

53 4i2.06 

489 

54. Oil. 52 

- . 6i2. 56 

3601X3997. 

518 ! 

46. 7il. 48 

181 

55. 2i2. 50 

—8.5i2.91 

3620X399S..... 

364 

43.lil.75 

628 

43. Oil. 33 

. Ii2.19 

3631X3998-..-..... 

596 

48.Sil.38 

592 

49. Oil. 39 

- , 2il. 96 

3664X4022...... 

491 

42.2il 50 

344 

51.4il. 82 

—9.2i2.30 

Mean... 





-l.03i.78 



i 




Table 3. — Percentage of waxy in upper and lower ears where male parent 

is hetero - 


zygous (Ph 230 LI R24) 



Upper ears 

Lower ears 

Difference 

Plant numbers 

Total 

seeds 

Per cent 
waxy 

Total 

seeds 

Per cent 
waxy 

Upper— 

lower 

510X616. 

547 

41. 7il. 42 

282 

42.9il. 99 

-l. 2i2.45 

519 X654... 

258 

41. 5i2.07 

226 

49. Oil. 57 

—8. Ii2. Cl 

533 X 723. 

46 

52. 2i4.97 

402 

47. Oil. 68 

5.2i5.25 

540X720.. 

298 

50. Oil. 96 

324 

44. lil. 86 

5.9i2.71 

546X707.... 

423 

42.8il. 63 

260 

41.9i2.07 

. 9i2.63 

548X603.... 

394 

40 6il. 67 

407 

40. 3il, 64 

. 3i2.34 

1X101. 

486 

41.8il. 51 

509 

40. lil. 46 

1.7i2.11 

8X110.-.-. 

462 

51.4il. 06 

319 

46.3il.41 

5. lil. 76 

5X200.... 

128 

46. Ii2.98 

317 

51.4il. 90 

-5.3i3.53 

6X103..... 

708 

47. Til. 27 

190 

36.3i2,36 

11.4i2.68 

7X136. 

429 

49. Oil. 62 

528 

41.8il, 45 

7.2i2.18 

12X162. 

274 

46. 0i2.06 

229 

45.0i2.22 

L0i3.01 

13X149..... 

8 

37. 5il0. 55 

22 

36.4i6.92 

1. Iil3,48 

15X126.... 

193 

45. Ii2.42 

36 

47 2i5.62 

-2. ldbG. 08 

23X169-..... 

265 

49.4i2 07 

274 

46.4i2.03 

3.0i2.90 

27X181..... 

534 

49.4il. 46 

415 

42. 2il. 63 

7.2i2.19 

28X182... 

Moan. 

465 

46. 2il 56 

511 

52. 6il. 49 

-6,4i2.16 

2.03i. 85 
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The records afford two progenies in which upper and lower ears 
were pollinated at the same time with identical lots of heterozygous 
pollen. The ears are shown in Tables 2 and 3. In neither case do the 
ears of one position have a percentage of waxy significantly different 
from those in another position, and in one progeny the difference is 
in the direction of the upper ears having the highest percentage, 
while in the other the lower ears have the highest percentage. 

PERCENTAGE OF WAXY SEEDS HIGHER ON UPPER THAN ON 

LOWER EARS WHERE FEMALE PARENT IS HETEROZYGOUS 

A third progeny provides data that may be used to detect a dif¬ 
ference between upper and lower ears when the female parent w r as 
heterozygous and the male parent was homozygous for wx. 

The ears of this nature are shown in Table 4. The ears were polli¬ 
nated at the same time, each pair with identical pollen, and the only 
difference between the members of a pair is that due to their position. 
The difference in percentage waxy is 2.11 ±.45, with the upper ears 
having the highest percentage. This difference is fully as large as 
any found in groupings based on sex. 


Table 4. —Percentage of waxy in upper and lower ears where female parent is 
heterozygous (progeny Dh 416 LS LI Co L4 LI — 4 — L24) 


Plant number 

Upper ears 

Lower ears 

Difference 

Heterozygous parent 

Total 

seeds 

Number 

waxy 

Per cent 
waxy 

Total 

seeds 

Number 

waxy 

Per cent 
waxy 

, Upper- 
lowei 

3984 _ _ 

560 

275 

49. lil. 42 

154 

71 

46,li2 70 ! 

3.0i3.05 

3985_ _ 

69 S 

360 

51. 6il. 27 

44S 

210 

46.9=bl. 59 ! 

4.7i2.04 

3986 . .-. 

813 

403 

49.6il. IS 

441 

214 

48.2=1=1.60 

1.4=1=1.99 

398S_ 

495 

23S 

48. lil. 51 

61 

30 

49. 2d=4.31 i 

—1. Ii5. 35 

3992 . . . 

166 

91 

54 8i2. 61 

86 

50 

58. ld=3. 57 

—3.3i4.42 

3993_ __ 

245 

119 

48. 6i2.15 

276 

120 

43. 5db2.01 

5.1=1=2.94 

3994. . . .. 

355 

190 

53. 5il.79 

444 

235 

52, 9=tl 60 

. 6i2.40 

3996 . . 

434 

217 

50 Oil. 62 

27 

14 

51. 8d=6. 50 

-1. Si6. 70 

399S . . 

349 

176 

50.4=fcl. 75 

423 

215 

50.8=1=1.54 

- 4i2.33 

3999. .. 

242 

127 

52. 5i2 16 

5.5-1 

284 

51.3=bl 43 

1.2i2.59 

4000. . 

18S 

86 

45 7dfc2.45 

15 

7 

46. 7=b8. 70 

-1.0i9.02 

4004. . . . 

118 ; 

55 

46.6=1=2. 89 

249 

131 

52.6=1=2.13 

-6.0i3. 59 

4008. . 

555 

276 

49.7=fcl. 43 

454 ! 

218 

48. Oil. 58 

1 . 7i2. IS 

4009. 

397 

199 

50.1=1=1. 69 

355 

164 

46.2il. 7S 

3.9i2.46 

4010. . 

136 

67 

49.3=1=2.89 

410 

19S 

48.3il. 66 

1.0i3. 33 

4020. 

410 

211 

47.8il. 66 

119 

59 

52. Ii3. OS 

-4.3i3. 50 

4022. 

502 

260 

51. 6=1=1. 50 

306 

150 

44.lil.91 

7.5i2,43 

Mean_ __ 



50. Orb . 31 



48.9i .52 

2. lli . 45 










Upper ears are usually somewhat more advanced than the lower 
ears, and when both are pollinated at the same time the gametes of 
the upper ears are at least some hours older than those of the lower 
ears. If the female gametes are affected by age in the same manner 
as are the male gametes then the upper ears would be expected to 
have a higher percentage of waxy than the lower ears. 

Although the upper ears in this material have a higher percentage 
of w T axy seeds, this does not conflict with Brink’s ( 8) evidence that 
long styles tend to impair the functioning of waxy-bearing gametes. 
It is true that ears w T ith long styles are necessarily older than those 
with short styles, and for this reason ’would be expected to have a 
higher percentage of waxy if the results shown in Table 4 are of 
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general application. However, in Brink's experiments the short- 
styled controls were obtained by cutting back silks which presumably 
were of the same length as those used for the long-style parents, and 
hence the gametes were of the same age. However, it should be 
noted that in both the long and short styled material the. per¬ 
centage of waxy was below the expected, whereas both sets of ears 
must have been older at the time of fertilization than normal material, 
and hence would be expected to have an excess of waxy seeds. A 
possible explanation of the failure to obtain a higher percentage of 
waxy on these ears lies in the fact that they were self-pollinated. If 
the ratio of waxy to nonwaxy in the effective male gametes were less 
than equality, a condition often met with, this inequality may have 
more than overbalanced any inequality in the opposite direction 
resident in the female gametes. 

There is no occasion, however, to overstrain the comparison of 
Brink's experiment with that presented in Table 4, since many more 
data of a substantiating nature would be necessary to establish the 
generality of the phenomenon of an increase in effective waxy female 
gametes with advancing age. 

PERCENTAGE OF WAXY SEEDS ALIKE ON BUTTS AND TIPS OF 

THE EAR 

If the pollen tubes of gametes bearing the waxy gene are at a 
disadvantage in effecting fertilization as compared with those bearing 
the nonwaxy gene, then it should be found: (1) That the percentage 
of waxy seeds on the lower halves of the ears is less than that on 
the upper halves wdien heterozygous pollen is applied to double 
recessive silks, but no such difference should be found when double 
recessive pollen is applied to the silks of heterozygous plants; (2) a 
correlation should be found between the total number of seeds on 
an ear and the percentage of waxy seeds when heterozygous pollen 
is used on double recessive plants, but no correlation is expected 
where the procedure is reversed, i. e., with homozygous waxy-bearing 
pollen applied to heterozygous plants. 

Table 5. —Percentage of waxy seeds in tip and base of cars where male parent is 
heterozygous (progeny Dh IflH LS LI Co L3 LI R23) 


Tip 


Base 


DiiTerenee 


6005. 

6012. 

6014. 

6017. 

6024. 
6016. 
8010. 

6025. 


Plant number 


Total 

seeds 


Per cent Total 

waxy seeds 


Per cent 
waxy 


Tip-base 


205 

140 

202 

160 

272 

170 

225 

120 


53. 7=1=2.35 
42.9=1=2.85 
50 0=b2.37 
50. 0=1=2.67 
39. 7±2.05 
47. 1=1=2. 59 
3S. 2±2.23 
37. 5=1=3.08 


106 

201 

ISO 

140 

220 

123 

213 

149 


56 6=1=3.37 
44.3=1=2.37 
44.4=1=2.51 
50. 7=1=2.85 
38. 6=1=2.28 
42.3=1=3.05 
43. 7=1=2.31 
45.6=1=2.76 


—2. 9=1=4.11 
-1.4=1=3. 71 
5. 6=1=3.45 
7±3. 91 
1.1=1=3.07 
4.8=1=4. 00 
—5. 5=1=3.21 
-8.1=1=4.14 


Mean. 


;-0.72=1= .29 


Eight ears are available to test the hypothesis in (1), where 
heterozygous pollen was applied to double recessive plants (Table 5). 
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These 8 ears comprise 2,826 seeds. They were divided into tipper 
and lower halves and the two lots classified separately. The ears 
were not long, but the pollen tubes functioning on the lower halves 
must have grown on an average about 3 inches further than those 
fertilizing the ovules of the upper halves of the ears. 

The differences between the eight pairs of tips and butts were 
treated as an array from which the mean and standard deviation 
(corrected) were calculated; both being weighted by l/E d 2 to correct 
for differences in number of seeds. Treated in this manner, the 
mean difference in percentage of waxy seeds between tips and butts 
is found to be 0.724 ±0.29 per cent; the butts having on an average 
0.7 per cent more waxy seeds than the tips. The difference is not 
significant, and with the error involved a difference smaller than 1 
per cent could not have been established. Since the observed per¬ 
centage of waxy seeds in Brink’s (3) long-styled material was 20.44, 
it follows that 40.8 per cent of the functioning male gametes bore 
the wx gene, whereas in the control short-style material the observed 
percentage of waxy seeds was 23.95, showing that 47.9 per cent of 
the functioning male gametes bore the wx gene. The difference may 
be taken to represent the differential effect of the long styles; being 
in this case 7.1 per cent, or approximately 2 per cent for each increase 
of 3 inches in length of style above the control series. 

Forty-two ears are available to test the second hypothesis of (1) 
above, where homozygous recessive iox, pollen is applied to heterozy¬ 
gous plants. These ears fell into four classes with respect to color, 
and the data have been summarized in Table 6. The mean differ¬ 
ence for each color class was determined separately by the method 
outlined above. Treating the array of differences of the paired 
values in the several color classes in the same manner as above, the 
mean difference is found to be 0.132 ±0.55, with the upper halves of 
the ear having the highest percentage of waxy seeds. There is little 
indication, therefore, that the percentage of waxy seeds is higher in 
the tips than in the butts of ears. 

Table 6. —Difference in percentage of waxy seeds in tip and base of ears where 
female parent is heterozygous (progeny Dh 416 LG LI Co L3 Ll-4~^'d) 


Nature of cross 


Back crossed, 50 0 per cent white. 
Back crossed, 62 5 per cent white. 

Self, 25.0 per cent winte_ 

Self, 43.75 per cent white_ 


Tip-base, 

Number mean differ- 
of ears ence in per 
centw’axy 


23 

9 


-1. 33d=0.73 
I 1.81=1=1.32 


3 ! 1.44=1=1.62 


7 | 2.92=fc . 84 


Mean. 


. 132=1= .55 


The correlation testing (5) above has been published (5). Con¬ 
sidering male gametes alone, a coefficient of 0.161 ±0.47 is found 
between the percentages of waxy and the total number of seeds 
formed when heterozygous waxy pollen is applied, whereas a coeffi¬ 
cient of — 0.017 ± 0.73 is found between these two variables when the 
female parent is heterozygous for waxy. 
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Restricting the population to identical plant reciprocals, and thus 
insuring the consideration of the same plants in measuring the rela¬ 
tionship in the two sexes, the following coefficients are found: 


Number of seeds on male.. 
Number of seeds on female 


Per cent 
waxy in 
male 


Per cent 
waxy in 
female 


0. 017 ± 0.98 0.090 ±0.97 

. 114± .86 . 020 =b .98 


None of these coefficients is significant. It is of interest to observe 
that in this series of 47 reciprocal crosses between sibs, the correla¬ 
tion between the percentage of waxy seeds when the heterozygous 
parent is used as a female and that found when these same plants 
serve as male parents is —0.020±0.98, thus showing that the varia¬ 
tions in the percentage of waxy are not due to genetic diversity. 

LONG STYLES NOT ASSOCIATED WITH A LOW PERCENTAGE OF 

WAXY SEEDS 

Brink (3) has show'll that in two lots of self-pollinated ears differing 
in style length the percentage of waxy seeds is lower in the group 
having the longest styles. 

In the course of an investigation into the factors affecting crossover 
percentages, paired back-cross pollinations were made on ears of long 
and short styles and on ears having styles of the same length. In 
these cases a single plant in each instance furnished the pollen for a 
given pair of ears. 

The data accumulated for the crossover study will serve also to 
determine the general applicability of Brink’s conclusion. 

Table 7. —Comparison of the percentage of waxy seeds on ears difering in length 
of styles and on ears where the styles were of the same length; these ears were 
borne on homozygous 7'ecessive plants 


EARS DIFFERING IN SILK LENGTH 


Long-styled ears 

Short-styled ears 

' 

Difference 

Length of 

Per cent 

Length of 

Per cent 

Length of 

Per cent waxy; 

(inches) 

waxy 

(inches) 

waxy 

(inches) 

long-short 

3 

51.4=1=2 81 

, % 

46. ld=4.41 

2 H 

5.3±5.22 

4 

49 4=b3.07 

‘ 2 

4G. 4±3.01 

2 

3.0=1=4.30 

3 

41. Sd=2.30 

2 

51.4=tl 88 

1 

—9. 6=1=2.97 

3 

46.2±2.31 

1 

52. 6=1=2. 21 

2 

-6.4=L3,19 

3 

! 41. o±3.07 

1 

49. 6=1=3.33 

2 

-8.1=1=4. 53 

7 

' 42 8±2.41 

! 4 

41.9±3.06 

3 

. 9±3.90 

7 

40 6±2.47 

2 

40. 3 ±2.43 

5 

,3=1=3.46 

3 

j 46. 0=1=3.01 

i 2 

45. 0=1=3.29 

1 

1 0=1=4.46 

Mean.. 

1 

1 


2,16 

—2.95=bl.36 

1 i 



f j EARS OF SAME SILK LENGTH 


. 

1 

49.0=1=2.41 

1 

41.8=1=2.15 

0 

7 2=1=3.23 

1 

47.7=1=1.88 

1 

36.3=1=3.49 

0 

11 4=1=3.97 

1 

41.7±2.11 

1 

42.9=1=2.95 1 

0 

j -1.2=1=3.62 

1 

50.0±2.90 

1 

44. ld=2.76 

0 

5.9=1=4.01 

1 
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Considering the cases where the male p&reat was heterozygous for 
wx and the female was homozygous recessive for this factor, the 
results shown in Table 7 were found. It is apparent that the per¬ 
centage of waxy seeds on the long-styled ears was lower than that 
on the short-styled ears, but the same sort of differences are observed 
where the styles of the pair were of equal Length. When large dif¬ 
ferences within the pair are found they do aiot seem to be correlated 
with large differences in silk length. 

The difference between the percentage of; waxy in the long and 
short-styled series is not significant, but in amount accords well with 
that observed by Brink. The failure to fed a better agreement 
between the difference in length of style aird that in percentage of 
waxy raises the question as to whether in this comparison length of 
style had any effect on the functioning of the gametes having the 
wx gene. 

A larger series involving style length whore the female parent was 
heterozygous and the male homozygous mm ate shown in Table 8. 


Table 8. —Comparison of the percentage of waay seeds o?i ears differing in length 
of styles and on ears where the styles were of tka sa?ne length; these ears were 
borne on heterozygous plants 


EARS DIFFERING IN SILK LENGTH 

Long-styled eais 

Shoit-stylcd ears 

Difference 

Length of 
silk 

(inches) 

Length of 
waxy 

Length of 
silk 

(inches) 

Pei cent 
waxy 

length of 
silk 

('inches) 

I 

Pei cent waxy, 
long-short 

5 

46.4=1=1 91 

4 

47 4=1=4. 30 

1 

-1.0=1=4 70 

1 

45.4=1=2 85 

*2 

48 1=1=2. 59 

l i 

-2.7=1=3 85 

3 

45.7=1=2. 50 

1 

50. 7d=6 11 

2 

U5 0±6.60 

4 

45.2=3=2.74 

% 

50.2±2 51 

334 

-5.0=h3.72 

8 

49 5=3=2. 05 

u 

47. 6=1=2.13 

7 u 

1.9=b2.95 

3 

51 0=1=2 34 

1 

53. 4=1=4. 10 

2 

-2.4=1=4.72 

8 

49 5=3=1.93 

4 

48 6=3=2. 73 

4 

. 9=1=3 34 

3 

50.3d=3 94 

1 

530S=b2. 95 

2 

3 $3. 5=t4.92 

3 

52 2=3=2. 02 

1 

47. 1=3=2 60 

2 

5. 1±3.29 

2 

50.0=3=3 20 

1 

53. 6=1=2, 54 

1 

—3. 6=1=4.08 

4 

52.2=3=2 22 

Ho 

46 4=1=3 <M 

2^ 

5 8=1=3.77 

4 

53.4=3=2 79 

1 

51. 7=3=4. SO 

3 

1. 7=3=5.38 

5 

47. 6=b2. 60 

3 

47 5=3=4 52 

2 

. 1=3=5 21 

0 

50. 5=3=2 28 

4 

45. 5=3=2. 65 

1 

5.0db3. 50 

4 

50. 7=3=2 60 


48. 5=1=5 02 

33$ 

2.2=3=5. 64 

4 

45. 6=1=2.18 

1 

45. 7=b2. 55 

3 

-. 1=3=3.35 

6 

51.5=1=2.16 

4 

48 4=3=2 31 

2 

3.1=3=3.16 

5 

49.3=3=2 55 

1 

49. 4=1=2. 38 

4 

1=1=3.43 

! 3 

52.0=1=2 79 

1 

50 2=1=3. 35 

2 

1.8=3=4.35 

1 1 

48.9=3=2 61 

i j 

48. 5d=2. 71 

}‘2 

• 4=3=3.76 

1 Morm J 




2.30 

. 76=1= . 49 




1 

EARS OF SAME SILK LENGTH j 

2 

51.4=3=2. 57 

2 

54. 7=1=4.40 

0 

-3.3 ±5.00 

i 2 

53.3=1=3 88 

2 

56.4±3.01 

0 

-3 1=1=5.01 

1 ’i 

50.7=L6. 02 

Vi 

50. 5=1=5.52 

0 

-8,8=1=8 16 

i 1 

48.6=1=2 35 

1 

52.8=3=4,4G 

0 

-4.2=1=5.04 

2 

36.7=1=6. 22 

2 

44.4=3=3,70 

0 

-7.7=1=7.22 

1 

49.7=1=2 70 

1 

51. 8=1=2. €4 

0 

—2,1±3.7S 

1 

49.2=1=2.36 

1 

48.4=3=2.4F> 

0 

.8=1=3.41 

1 

46 7=3=2. 78 

1 

44 4d=4,46 

0 

2.3=1=5.26 

2 

49.4=1=4 00 

2 

49 3=1= L. 82 

0 

.1=1=4.30 

1 

51. 6=1=2, 58 

1 

55.3=3=5 70 

0 

—3.7=1=3.15 

3 

50.8=1=3. 27 

3 

51.3=1=5. 73 

0 

5=1=3,73 


54977—27-4 
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Here again no significant difference is found either when the pairs 
differ in style length or when they have styles of the same length. 

Variations in the percentage of waxy seeds are found, but these 
do not seem to be associated with differences in style length. 

From the standpoint of differential pollen-tube growth no effect 
of style length is to be expected in the series of ears shown in Table 8, 
but it will be observed that differences in the percentage of waxy 
are found that are entirely comparable with those observed in the 
series shown in Table 7, where heterozygous pollen was used. 

In none of these cases, however, were the differences in style 
length as great as those of Brink, and the failure to corroborate his 
conclusions may well be due to this fact. Nevertheless, it should be 
observed that there are many ears where the waxy class is deficient 
in numbers, though no great length of style is involved. 

GAMETES BEARING THE GENES SU AND WX NO LESS EFFECTIVE 
THAN THOSE WITH OTHER COMBINATIONS OF THESE GENES 

Brink (3) found that when plants homozygous for su and heter¬ 
ozygous for Wx were self-pollinated only 18.84 per cent of the result¬ 
ing seeds were waxy, whereas the expected percentage was 25. 
Recognizing that some factor other than su may have been involved 
in his results, he states, “ there is considerable justification for the 
conclusion that the gene for sugary greatly increases the disparity 
between the observed proportion of nonwaxy and waxy seeds and 
that expected on a chance basis.” 

To obtain a deficiency of 6.26 per cent on self-pollinated ears, if 
the assumption be made that both sexes are affected equally, the 
gametic proportions must be 56.6 nonwaxy to 43.4 waxy. But if 
it be assumed that the distorted ratios result from some sort of 
differential viability operative only in the male gametes, then 25 per 
cent of the waxy-bearing gametes fail to function, and the effective 
ratio of nonwaxy to waxy gametes is 62.5 to 37.5. 

Since Brink has shown that gametes bearing wx are less effective 
than those bearing Wx when the styles are long, it is entkely possible 
that the pollen tubes of su wx gametes have a slower rate of growth 
than those constituted Su wx. If this were a general phenomenon 
the ratios obtained in all crosses involving Su and Wx should be 
unorthodox. 

As a first check on the hypothesis of a differential viability of the 
genes bearing su wx, the published data may be examined. Collins 
and Kemp ton ( 4 ) published the seed classes of 51 ears that were 
the result of self-pollinating plants heterozygous for Su and Wx. 
At the time these data were published no method was known for 
determining the su wx group other than breeding tests, and these 
accordingly were combined with the su Wx group, making the ex¬ 
pected on a normal hypothesis 9 horny, 3 waxy, 4 sweet. If it be 
assumed that one-fourth of the su wx gametes fail to function, as in 
Brink’s case, the expectation for these ears becomes 9.42 horny, 
2.915 waxy, 3.665 sweet. 
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The observed distribution was: 



Horny I 

Waxy ; 

Street 

Observed- _ __ _ ___ 

Expected 9-3-4 ______ _ 

12. 72S : 
12; 449 ; 

3,941 

4, 150 

5, 463 
5, 533 


! +279 

i 1 

-209 

-70 


X 2 = 17. 66 


The departure from the 9-3-4 ratio is too large to be attributed to 
chance, but since there is a priori knowledge from many other prog¬ 
enies of a deficiency of waxy seeds and, further, since the observed 
departures are in the classes horny and waxy, the failure to obtain 
a better fit is clearly due to the defect of the waxy. 

Knowing that waxy seeds are generally deficient, and having an 
observed deficiency in this class of 209 seeds, it is apparent that if the 
same percentage of defect held for the waxy gene when in combination 
with su the expected deficiency in the su wx class would be 69.75 seeds. 
In the case above the su wx class was combined with the su fix class, 
and this combination was in defect 70 seeds. It is clear that if this 
whole amount is assumed to be due to a defect of the su wx class it is 
no larger than would have been expected from the behavior of the 
Su wx group, and therefore offers no evidence for a lower viability of 
gametes the su wx combination of genes as compared with those 
bearing Su wx. 

Comparing the observed population with that expected on the 
assumption of a 25 per cent mortality of the su wx gametes the fol¬ 
lowing is obtained: 


! Horny ! Waxy 

Sweet 

Observed__ _ 

12, 728 ' 3, 941 

13, 026 ; 4, 034 

5, 463 
5,072 

Expected_ _ 


-298 • -93 

i ! 

+ 391 


X 2 = 46.19 


Clearly this fit is much worse than that obtained in the 9-3-4 com¬ 
parison. 

More recent material may be used to examine this matter further. 
These data are confined to two sister F 2 progenies (Ph 230 Ll and Ph 
230 L2). 

As the result of crosses of the nature Su su wx wx ? X Su su. Wx wx 
, 29 ears having 7,974 seeds were obtained. These were distributed: 



Horny 

Waxy 

Sweet 

Waxy sweet 

Observed_ _ 

3, 220. 00 
2, 990. 25 

i 

2,632.00 , 
2, 990. 25 | 

1, 170. 00 
996. 75 

952. 00 

Expected 3-3-1-1_ 

996. 75 

1 

+ 229. 75 

-358.25 i 

+ 173. 25 ! 

—44. 75 


X 2 = 84.86 
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A very poor fit, indeed, but one again due largely to the defect of 
the waxy seeds. Any deficiency in effective su wx gametes should be 
indicated by a lower percentage of waxy seeds in the sweet group 
when compared with that in the nonsweet group. The percentage is 
44.86 in the former and 44.98 in the latter. 

The disturbance in these ratios seems to be confined largely to the 
male gametes, since where the cross is made Su su Wx wx 9 X Su su 
wxwxs the fit to a 3—3—1—1 ratio is as good as could be expected, as 
is seen in the following comparison : 



Horny 

5, SSI. 00 
5, S50. 37 

Waxy 

Sweet 

Waxy sweet 

Observed_„ 

5, 753. 00 
5, 850. 37 

2, 023. 00 

1, 950. 10 

1, 944. 00 
1, 950. 10 

Expected __ __! 


+ 30. 60 

- 97.37 

+ 72. 90 

-6. 1 


^ 2 = 4.5 
P = 0.25 

Since in these cases abnormal waxy or waxy sweet behavior is 
being sought, it may be well to consider these two seed classes irre¬ 
spective of the sweet class. On the hypothesis that the gametes 
bearing su wx are less able to effect fertilization than those with other 
combinations of these genes, the percentage of both waxy and waxy 
sweet seeds should be reduced. Thus in back crosses of the nature 
Su su wx wx 9 X Su su Wx wx c? the double recessive class, su wx 
should be less than 12.5 per cent. 

The progenies considered above provide 90 ears, in which 12.5 per 
cent of the seeds are expected to be of the double recessive class, su 
wx . These ears were obtained in the two sister progenies Ph 230 LI 
and L2 by crossing plants of the nature Su su wx wx and Su su Wx wx. 
The percentage of waxy sweet seeds obtained with heterozygous 
pollen in progeny Ph 230 Ll is 11.95 ±0.44 and when heterozygous 
plants of this progeny are used as female parents the percentage is 
12.45 ± 0.19. The heterozygous male gametes of progeny Ph 230 L2 
gave 11.93 ±0.46 per cent of su wx seeds, whereas heterozygous 
female gametes of this progeny gave 12.77 ±0.35 per cent su wx. 
None of these percentages depart significantly from the 12.5 per cent 
expected if the su wx gametes functioned normally, but there is an 
indication that the percentage of su wx seeds is lower when the male 
parent is heterozygous than when the female is heterozygous. 

To test this point further resort must be had to identical plant 
reciprocals, and these accordingly have been selected from the 90 
ears and grouped in Table 9. Only 10 pairs of reciprocals are avail¬ 
able, and these show a mean difference of 1.69 ±0. 32, with the per¬ 
centage of waxy sweet seeds highest where the female parent is 
heterozygous. 

If the assumption be made that 25 per cent of the gametes bearing 
the combination su wx fail to function, then back-crosses of the nature 
Su su wx wx 9 x Su su Wx wx $ should give 45.8 per cent of the seeds 
waxy. As a test of this hypothesis Tables 10 and 12 have been pre¬ 
pared, the data being assembled from progenies Ph 230 Ll and L2. 
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Presumbly the effect of the su gene on the survival of the gametes 
bearing the waxy genes can come into operation only in the male 
gametes. Table 10 presents 19 ears where the male gametes are 
measured. The mean percentage of waxy seeds on these ears is 
45.0 ± 0.60, not a bad fit to the 45.8 per cent expected on the hypoth¬ 
esis that 25 per cent of the waxy sweet gametes fail to function. 


Table 9. —Percentage of seeds of ike double recessive combination waxy and sweet 

in plant reciprocals 



Male gametes 

Female gametes ' Difference 

Plant numbers 

Total 

seed 

Per cent 
su ux 

Total 

seeds 

Per cent 
su ux 

Female— 

male 

1X101---...... 

.. . 

995 

10.5i0.66 

727 

13.5iO.S6 

3.Oil.08 

SX162....... 

72S 

10.2i .76 

708 

12.7=1= .85 

2. 5=L1.14 

13X149....... 

22 

18.2io. 54 

797 

13. 7db .82 

—4. 5i5.60 

20X192-.-..... 

270 

12.6il. 36 

711 

11.8=!= .82 

Sil. 59 

23X169...... 

539 

11. 5i .93 

1,144 

12 2i .65 

. 7=1=1 14 

506 X624.... 

68 

S. Si2.32 

148 

11. Oil. 77 

2. 8i9.23 

513 X746....... 

1 394 

10.4d=l. 04 

49 

12.2i3.16 

1. 8db3,32 

519X654_ ...... 

484 

! 10. 5i . 94 

401 

! 11.5=1=1.07 

1. Oil. 42 

522X644. .... 

187 

! 11. S=bl. 59 

310 

1 14.8=1=1.36 

3. 0±2.09 

535X744-..... 

Mean........ 

86 

i 11.6i2.33 

194 

1 14.4dbl.70 

2.8=1=2.88 

1. G9d= . 32 



! 




Table 10. —Percentage of waxy seeds on ears segregating for Su (male gametes of 

Ph 230 LI and L2) 


Plant numbeis 

Total 

seeds 

Numbei 

waxy 

Per cent 
waxy | 

Plant number 

Total 

seeds 

Number 

waxy 

Per cent 
waxy 

1X101.-. 

995 

407 

40. 9=bl. 05 

513X746_ 

394 

181 

45.9i 1.69 

5X200.. 

445 

219 

49. 2d=l. GO 

514X646_ 

574 

241 

42. Oil. 39 

SX162. 

728 

324 

44. 5d=l. 24 

516X611.. 

350 

152 

43. 4=j=l. 78 

12X162__ 

503 

229 

45. oil. 49 

519X654-.. 

484 

219 

45.2il. 53 

20X192.. 

i 270 

! 124 1 

45. 9i2. 04 

520X 671. 

1ST 

88 

47. Gi2 46 

23X169. 

539 

258 

47. 9il. 46 

532X693_ 

124 

68 

54. 8i3.02 

2SX1S2--. 

976 

484 

49. 6il.0S 

535 X 744.—. 

86 ! 

33 

38. 4i3.54 

501X624 . 

! 118 

56 

47. 4i3.10 

535X743_ 

270 

122 

45. 2i2. 04 

503X657.- 

i 348 

122 

35. Oil. 72 





506X624 

1 6S 

35 

51. 5i4. OS 

Mean __- . 



45. Oi . 59 

507X657. 

| 65 

28 

43. Ii4.14 


i .. 

I 

i 


However, as has been seen, there are often significant differences 
in the sexes in the proportion of waxy gametes, and with the ears 
shown in Table 10 we may be dealing with some such phenomenon. 
As a check the ears shown in Table 11 have been assembled.^ These 
ears do not involve the Su gene in a heterozygous condition, and 
resulted from crosses of the nature Su Su wx wx 9 x Su Su Wx wx <3 . 
The plants bearing them were sibs of those producing the ears in 
Table 10. The 19 ears in Table 11 have a mean of 44.6 ±0.60 per 
cent waxy, a percentage very close, indeed, to that found for the ears 
in Table 10, thus disposing of the hypothesis that the low percentage 
found for the ears in Table 10 was due to the lower survival rate of 
su wx gametes in plants heterozygous for Su and Wx. 

The percentage of waxy seeds obtained on ears where the female 
parent was heterozygous for Su and Wx, and the male parent was 
heterozygous for Su but homozygous for wx, should not depart from 
the expected equality; and the ears shown in Table 12 are the result 
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of crosses of this nature. The percentage of waxy is 49.6 ±0.19, a 
very close approximation to the expected 50 per cent. 


Table 11 .—Percentage of waxy seeds on ears not segregating for Su (male gametes 

Ph 230 Ll-l-RH and LS) 


Plant numbers 

Total 

seeds 

Number 

waxy 

Per cent 
waxy 

Plant numbers 

Total 

seeds 

Number 

waxy 

Per cent 
waxy 

3X110 —- 

781 

358 

45.8il. 20 

510X616. 

829 

349 

42. lil. 16 

4V232 

570 

264 

46.3il. 41 

517X611. 

243 

137 

56.4i2.15 

6 VI03 

898 

407 

43.3il. 12 

527X739.—- 

295 

154 

52. 2il. 96 

7 X136 . 

957 

431 

45. 0±1 09 

531X721. 

154 

78 

50 6i2. 71 

15X126.. 

229 

104 

45.4i2.22 

531X677. 

274 

128 

46.7i2. 04 

16X157. 

450 

167 

37. lil. 55 

540X720_ 

692 

293 

42. 3il. 26 

17X157 - 

554 

272 

49. lil. 43 

546X707. 

683 

290 

42.4il. 27 

25X147. 

172 

83 

48. 2i2. 56 

548 X603.. 

801 

324 

40.4il. 17 

27X181-. 

949 

439 

46. 2il 09 





33X184 . 

329 

120 

36. oil. 79 

Mean_ 



44. 6i . 60 

504 X624.— 

42 

17 

40. 5i5.10 






Table 12. —Percentage of waxy seeds on ears segregating for Su (female gametes 

Ph 230 LI and L2 


Plant numbers 


101X1— 
103X1— 
108 X807- 
117X1— 
144X29- 
149X13- 
158X7— 
160X33- 
162X8— 
163X28- 
164X13- 
169X23- 
187X33- 
192X20- 
200X8— 
200X80S. 
203X14- 
216X5— 
222X1-- 
224X1 — 
234X36- 
239X33- 


Total 

seeds 

Number 

waxy 

Pei cent 
waxy 

Plant numbers 

Total 

seeds 

Number 

waxy 

Per cent 
waxy 

727 

365 

! 

! 50 2il 25 

251X20. 

198 

107 

54. 0i2. 39 

1,099 

544 

! 49 5il. 02 

252XS0G.— - 

499 

249 

49 9il 51 

649 

323 

| 49 Sil 32 

624X506_ 

148 

82 

55. 4i2. 76 

1,016 

4S2 

! 47.4il 06 

644X522__ 

310 

158 

51. Oil. 91 

S84 

412 

46 Gil 13 

045X514.. 

666 

335 

50.3il.31 

797 

381 

47. Sil. 19 

650X533_ 

256 

134 

52. 3i2.10 

720 

345 

47. 9il. 25 

654X519_ 

401 

203 

50. Oil. 68 

90S 

448 

49. 3il 12 

671X513_ 

833 

403 

48 4il. 17 

70S 

345 

48 7il. 27 

074X807. 

374 

194 

51. 9il. 75 

1, 005 

503 

50. Oil. 06 

676X527. 

266 

138 

51.9i2 00 

858 

419 

48 Sil. 15 

677X519. 

576 

285 

49. Sil. 40 

1,144 

556 

48 6i . 99 

690X527. 

102 

43 

42.2i3. 30 

436 

241 

55.3il 61 

693X527. 

284 

156 

54.9i2. 00 

711 

362 

50 9il. 27 

697X523. 

102 

51 

50. 0i3. 34 

636 

320 

51.2il.33 

713X535., 

238 

112 

47. 0i2.18 

281 

149 

53. 0i2. 02 

744X535. 

194 

92 

47. 4i2,42 

1,004 

494 

1 49. 2il. 06 

746X513.: 

49 

24 

49. 0i4. 83 

978 

492 

50. 3il OS 

748X535. 

137 

08 

49. Gi2.88 

683 

338 

49. Sil. 29 

749X535. 

309 

184 

49. Oil. 75 

376 

189 

50. 3il. 74 





ISO 

90 

50 0i2. 50 

Mean.. 



49. 6i . 19 

533 

258 

: 48.4il. 46 






In Table 13 are listed the ears produced by crosses of the nature 
Su Su Wx wx 9 X Su Su wx wx &. The plants producing these 
ears are sibs of those that bore the ears shown in Tables 10, 11, and 
12. No departure from equality in the proportion of waxy to 
nonwaxy seeds is expected and none was found, the percentage being 
48.9 ±0.37. 

> It is apparent from these tables that in this progeny the percentage 
of waxy seeds resulting from the use of heterozygous pollen on plants 
homozygous recessive for this character is below equality, and less 
than that obtained where the crosses are reversed, i. e., the male 
parent homozygous recessive and the female heterozygous for waxy. 

To determine this point directly recourse may be had to direct 
plant reciprocals. These are shown in Tables 14 and 15. Table 14 
lists reciprocal crosses where both Su and Wx are involved, and 
Table 15 lists only those crosses where Su was homozygous dominant. 
In both instances the proportion of effective waxy gametes is highest 
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in the female. It should be observed, however, that the difference 
between the sexes is least where Su is heterozygous, a condition 
contrary to that expected if Brink’s observations as to the low 
viability of gametes bearing su wx were general. 


Table 13. —Percentage of waxy seeds on ears not segregating for Su (female gametes 

Ph 230 LI and L2 ) 


Plant numbers 



Number 

waxy 


Per cent 
waxy 


Plant numbers 


Total 

seeds 


Number ! Per cent 


waxy 


waxy 


110X3.— 

470 

236 

50.2il. 55 

114-aX 35. 

174 

82 

47.Ii2 56 

119X10.. 

1,045 

481 

46. Oil. 07 

120X6 ... 

703 

357 

50. Sil. 27 

126X8.. 

816 

380 

46 Sil.17 

336X7__ 

676 

317 

46 OiL 29 

139X35. 

507 

265 

52. 3=bl. 49 

147X25... 

463 

215 

46.4=1=1. 56 

157X16.. 

728 

349 

47.9d=l 25 

178X26_ 

S26 

408 

49 4=1=1.17 

179X 26. 

544 

279 

51.3=1=1. 44 

181X27__' 

452 

236 ; 

52 2=1=1. 58 

184X33.! 

603 

241 

40. Oil 34 


445 

205 j 

46 lil. 59 

192X26.! 

461 

221 ! 

47.9dt=l. 57 

199X15......I 

567 

270 | 

47.6il. 41 

208X9.. 

374 

189 : 

50 oil. 74 

213X3...i 

447 

235 j 

52 6i 1.59 

219X36.....I 

628 

328 

52 2il. 35 

230X2.' 

352 

183 

52. Oil. 79 

232X4.1 

366 

146 

39.9il 72 


236X 28.... 

i 661 

! 336 i 

i 50. Sil 31 

602X504_ 

! 773 

, 388 

| 50 2il. 19 

603X548.... 

117 | 

51 

! 43.6i3 OS 

604 X 514_ 

; 2ii 

100 

47.4i2 32 

606X534.. 

153 

77 

50.3i2 72 

615X548.. 

85 

47 

55.3i3. 64 

616X510... 

438 

232 

53. Oil. 61 

629X546_ 

66 

30 

45 4i4.13 

631X546_ 

139 

S4 

60.4i2 81 

656X519_ 

57 

31 

54.4i4 45 

657X521. 

276 

147 

53 3±2. 02 

662X517.| 

209 

106 

50. 7i2. 33 

673X519.. 

3 OS 

154 

50. Oil. 92 

683X527. 1 

185 

90 

48.6i2 48 

6S4X533.! 

i 240 ; 

102 

; 42. 5i2.15 

707X546.—.1 

490 ! 

233 

47.6il 52 

716X531... 

490 i 

244 

j 50. Oil. 52 

720X 540... 

3S6 

193 

| 50. Oil. 72 

750X 530.- 

46 ! 

27 

1 58.7i4. 92 

Mean_1 

j 


1 48 9±0.37 


Table 14. —Percentage of waxy seeds in reciprocal crosses involving heterozygous Su 



Male gametes 

Pemale gametes 

Difference, 

Plant numbers 

Total 

seeds 

Numbei 

waxy 

Per cent 
waxy 

Total 

seeds 

Number 

waxy 

Per cent 
waxy 

female- 

male 

1X101... 

995 

407 

40.9il. 05 

727 

365 

50.2iL 25 

9.3il. 63 

8X162__- 

728 

324 

44. oil. 24 

708 

346 

48. Oil. 27 

4.4il. 77 

13X149... 

22 

S 

36. 4il 21 

797 

381 

47. Sil. 19 

11.4il. 70 

20X192__ 

270 

124 

45. 9i2. 04 

711 

362 

50. Oil. 26 

5.0i2 40 

23X169.. 

539 

258 

47.9±1.45 

1,144 

556 

48. 6i .99 

. 7il. 76 

506X 624.... 

68 

35 

51. 5d=4.08 

14S 

82 

55.4i2.76 

3.9i4. 92 

513X746... 

394 

181 

45. Oil. 69 

49 

24 

49. 0i4.81 

3. Ii5.10 

519X654... 

484 

219 

45. 2il. 54 

401 

203 

50. 6il. 68 

5.4i2. 28 

522X644.. 

1S7 

88 

47. 0i2. 46 

310 

158 

51. Oil. 91 

4.0i3.12 

535X744.... 

Mean. __ __ 

8G 

| 33 

! _ 

38. 4i3.54 

194 

92 

47.4i2.42 

9.0±4.29 

6. ISi. 84 



i 

1_ 





Table 15. —Percentage of waxy seeds in reciprocal crosses involving homozygous Su 


Plant numbers 

Male gametes 

Pemale gametes 

Difference, 

female- 

male 

Total 

seeds 

Number 

waxy 

Per cent 
waxy 

Total 

seeds 

Number 

waxy 

Per cent 
waxy 

3X110. 

781 

358 

45. Sil. 77 

470 

236 

50.2il. 55 

4.4i2.35 

4X232__ 

570 

264 

46.3iL 41 

366 

146 

39.9il.72 

-6.4i2.22 

7X136.... 

957 

431 

45. Oil. 09 

676 

317 

46.9il. 30 

1. OiL 70 

16X157..- 

450 

167 

37. liL 54 

728 

349 

47. Oil. 25 

10. Sil. 98 

35X114.... 

402 

197 

49. OiL 68 

174 

82 

47.1i2.56 

-1.9i3.06 

510X616... 

! 829 

349 

42. lil. 16 | 

438 

232 ! 

53. Oil. 61 

! 10. OiL 98 

540X720..J. 

622 

293 

47. lil. 35 

3S6 

193 

50. Oil. 71 

2.9i2.18 

546X 707... 

683 

290 

, 42.4il. 27 

490 

233 

47. oil. 52 

5. lil. 92 

548X 603. 

801 

324 

40.4iL 17 

117 

51 

43.6i3.09 

3.2i3.31 

Mean. 





! 


4.37il. 3 
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The present material, therefore, offers no support for the hypoth¬ 
esis that male gametes bearing the genes su and wx are at a dis¬ 
advantage in effecting fertilization when in competition with gametes 
bearing other combinations of the genes for sugary and waxy endo¬ 
sperm. 

POLLEN STORAGE INCREASES THE PROPORTION OF FUNCTION¬ 
ING WAXY GAMETES 

In an attempt to alter the crossover ratio between the aleurone 
factor C and the waxy endosperm factor Wx, pollen from plants 
heterozygous for these linked genes was stored in the collection bags^ 
in the field, for a period approximating seven hours. As a control, 
approximately one-half of the pollen collected from each plant was 
applied immediately to the silks of double recessive plants. 

Thirteen successful paired pollinations were obtained, and these 
showed clearly that although the crossover ratio was unaffected 
(5), the proportion of waxy to non waxy gametes was profoundly 
altered. The functioning waxy-bearing gametes in the stored 
pollen were in excess of the expected equality and greatly exceeded 
the proportion of functioning waxy-bearing gametes in the unstored 
pollen; the latter being less than equality. 

Similarly, there was an apparent alteration of the proportion of 
G to c-bearing gametes, resulting in an increase in the proportion of 
white to colored seeds when stored pollen was used. In the cross 
used, the increase in the proportion of white seeds might be attributed 
entirely to the linkage between 0 and Wx. The parental combina¬ 
tions were G Wx and c wx, and there was no means of determining 
whether the observed effect on the ratio of white to colored seeds 
was the result of linkage with waxy or whether storage actually 
resulted in a selective action on the c-bearing gametes. Accordingly, 
a somewhat more elaborate experiment was undertaken with a 
repetition of the original procedure, using in addition a cross in 
which G and wx were linked. 

All four classes of seed from each cross were planted. The pollen 
from plants heterozygous for both C and Wx was used as before in 
pairs of stored and unstored samples on the double recessive plants. 
Further, pollen from plants heterozygous for G but homozygous for 
wx was applied to plants homozygous for c but heterozygous for Wx, 
and the reverse combinations were made also. These latter provide 
data to measure the effect of storage upon G and Wx separately. 

The same procedure was followed with the cross in which G and 
wx were linked. 

Considering first the cross in which C and Wx are linked and 
where the pollen from the double heterozygote is applied to the double 
recessive, there are 44 pairs of ears resulting from stored and unstored 
pollen. The period of storage varied from 6 hours and 10 minutes 
to 10 hours and 20 minutes, with a mean period of 7 hours and 9 
minutes. The ears resulting from stored pollen had on an average 
56.8 less seeds than those obtained when the pollen was fresh, which 
may be taken as a rough approximation of the effect of storage on 
viability; the period of storage reducing the viability 16.5 per cent. 

The data for these 44 pairs are shown in Table 16. 

The data presented in Table 16 duplicate, extend, and corroborate 
those published previously. In measuring the effect of pollen storage 
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the means and errors are calculated from the arrays of differences 
between fresh and stored pollen, each difference being weighted by 
the reciprocal of the squared error of the difference to correct for 
differences in number of seeds per ear. The procedure followed has 
been outlined by Collins and Kempton (5, p . 5-6). 

Before considering the indicated effect of pollen storage, attention 
should be directed to the fact that Fisher’s ( 6 ) test for homogeneity 
shows that the arrays of differences between the paired samples are 
not homogeneous, from which it must be concluded that storage is 
not in itself the cause of the observed differences in gametic propor¬ 
tions. Such a conclusion is not illogical, since a period of storage 
simply provides an opportunity for unrelated factors such as tempera¬ 
ture, light, and humidity to operate; and the effect of such factors 
might be measured very imperfectly by time of storage. 

With this reservation in mind as to the effect of storage the data 
may be examined. There is a mean increase of 9.35 ±1.26 per cent 
of waxy seeds and an increase of 1.74 ±0.67 per cent of white seeds 
when stored pollen is applied. Both the white and waxy seeds are 
below the expected equality in the series of ears resulting from fresh 
pollen and in excess in the series obtained with stored pollen. 

Since white aleurone and waxy endosperm are known to be corre¬ 
lated in this material, owing to the genetic linkage between the 
0 and Wx genes, any selective agent operating upon one would be 
expected to affect the other. 

In the 44 ears obtained with fresh pollen there is a correlation of 
0.503 ±0.76 between the percentage of white and the percentage of 
waxy with a regression of white on waxy of 0.272 and of waxy on 
white of 0.686. 

The regressions can be used to predict the change expected in one 
ratio from a given change in the other. If this be done it is found 
that increasing the percentage of waxy seeds by the observed amount 
of 9.35 would be expected to increase the percentage of white seeds 
by 2.54. The actual increase observed in the percentage of white 
seeds was 1.74 ±0.67, being somewhat, though not significantly, less 
than the predicted. If the regression of waxy on white be used it is 
found that having increased the percentage of white seeds by 1.74 an 
increase of 1.19 in the percentage of waxy would be expected to 
follow, whereas the increase was 9.35. Clearly the selective action 
is operative on the gametes bearing the wx gene and not on those 
bearing the aleurone color gene c. 

As a further measure of the correctness of this conclusion, the 
regressions of white on waxy and waxy on white may be examined 
for the array of ears resulting from stored pollen. 

If the gametes bearing the waxy gene are operated upon by some 
selective agent and the departure of the colored-white ratio from 
equality is due to the linkage between G and TRr, then the regression 
of white on waxy should not differ in fresh and stored pollen, but the 
regression of waxy on white should be much greater in the stored 
than in the fresh pollen. Both of these conditions are fulfilled. The 
regression of white on waxy in the stored pollen is found to be 0.276, 
a very close agreement with the 0.272 found in the fresh pollen, and 
the regression of waxy on white in the stored pollen is 1.88, whereas 
in the fresh pollen a regression of but 0.686 was found. 



Table 16.—Comparison of cars resulting from fresh awl stored pollen (c c wx wx 9 XC c Wx m d); the linkage in this comparison is between 

c and wx (progeny Dh J,',16 L3 LI C6 LJ, LI LI L25) 
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« Time is given in hours and minutes. 

Table 17 .—Comparison of ears resulting from fresh and stored pollen (c c wx ux $ X C c Wx wx d ; the linkage in this comparison is between 

C and wx (progeny Dh 416 L3 LI Cf> L4 LI L 2 L25) 
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If the conclusion be correct that the proportion of gametes bearing 
the c gene to those bearing its dominant allelomorph 0 is altered by 
pollen storage only as the result of this gene being linked with Wx, 
then it must follow that when the linkage is reversed (0 being asso¬ 
ciated with wx) an increase in the percentage of waxy seeds must be 
accompanied by a decrease in the percentage of white seeds. 

To determine the correctness of this assumption the data shown 
in Table 17 have been compiled. The ears shown in this table were 
obtained by the same procedure as was followed where the linked 
factors were C Wx, and the biometrical constants have been calcu¬ 
lated as described for the 44 pairs of pollinations shown in Table 16. 
There is a slight difference between the two sets of data in that the 
period of storage was less for the ears shown in Table 17 than for 
those in Table 16. This difference in time was unavoidable since the 
progeny that produced the 44 pairs of ears was pollinated first and 
the time that elapsed in handling this progeny necessarily was at the 
expense of the succeeding progenies. Since the 44 pairs were a direct 
repetition of the original material the emphasis was placed on obtain¬ 
ing adequate data from this progeny first. The mean time of storage 
for the ears shown in Table 17 was 6 hours and 52 minutes as compared 
with a period of 7 hours and 9 minutes for the ears in Table 16. 

Using the mean difference in number of seeds produced by stored 
pollen as compared with fresh pollen as a measure of the effect of 
storage on vitality, it is seen that the stored pollen on an average 
produced approximately 17 more seeds per ear (actually 17.04 seeds) 
than the fresh pollen. However, the factors other than storage 
affecting the number of seeds are so numerous that it is extremely 
questionable, with only 24 pairs, whether the difference in number 
of seeds can be utilized as an indication of the condition of the pollen. 
The observed difference indicates an increase in viability of 5.6 per 
cent. 

It is seen that the percentage of waxy seeds is increased in those 
ears resulting from the application of stored pollen when compared 
with ears resulting from the duplicate samples of fresh pollen. The 
difference is 6.14 ± 1.07 per cent and may be compared with that of 
9.35 ±1.26 found in the series showxi in Table 16. Although the ears 
resulting from pollen stored, on an average, 6 hours and 52 minutes 
have a lower percentage than those obtained with pollen stored for 7 
hours and 9 minutes the difference of 3.21 ±1.65 per cent between 
the two sets can be attributed to chance, making it unnecessary to 
assume that a difference of 17 minutes in the period of storage results 
in such a large alteration in the proportion of waxy-to horny-bearing 
gametes. 

^ Having seen that the effect of storage on the proportion of func¬ 
tioning waxy gametes is similar for the two series, the effect on the 
percentage of white may be examined. The data show that in this 
progeny where waxy endosperm and colored aleurone are associated 
in inheritance the percentage of white seeds resulting from the use of 
stored, pollen is less than that from fresh pollen. This condition is 
in accord with the hypothesis that whatever selective force is oper¬ 
ative on the stored gametes effects directly only the gametes bearing 
the waxy gene. In this case the change produced in the proportion 
of white to colored seeds is but a secondary effect due to the genetic 
correlation of waxy with the factor for colored aleurone. 
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The change observed in the percentage of white is significant 
statistically, and in amount accords fairly well with the percentage 
expected from the regression of white on waxy. Thus the regresssion 
of white on waxy in the fresh pollen was —0.305 and in the stored 
pollen —0.155. Using the figure for the fresh pollen as a constant 
from which to calculate the percentage of white seeds expected to 
follow a change of 6.14 per cent in the waxy, it is found that the per¬ 
centage of white seeds in the stored pollen should be 1.87 less than 
that in the fresh pollen, whereas it was 3.43 ±0.89 per cent less. 
The difference, however, though large is not significant. 

EFFECT OF POLLEN STORAGE WHERE ONLY Wx IS 
HETEROZYGOUS 

There are 24 pairs of ears that resulted from crosses where plants 
heterozygous for Wx and homozygous for c were used as male parents 
on plants homozygous for wx and heterozygous for G. In these 
cases a period of storage can affect only the proportion of waxy to 
nonwaxy since the male gametes w T ere all of one kind with respect to 
color, namely, homozygous for c. The data for these ears are shown 
in Table IS. The plants bearing these ears were sibs of the plants 
producing the 44 pairs shown in Table 16. 

The mean period of storage for the pollen used on 24 pairs of ears 
for which data are given in Table 18 was 6 hours and 20 minutes 
and the ears from stored pollen had on an average 34.1 less seeds 
than those from fresh pollen, an indicated death rate of 10.2 per 
cent. 

As in the previous two cases, the percentage of waxy seeds on ears 
resulting from stored pollen is greater than on ears produced from 
fresh pollen, the excess in this instance being 7.13 ±2.48 per cent. No 
difference is expected in the ratio of white to colored seeds and none 
was found. 

A similar set of pollinations was made in the progeny where C and 
wx were linked and 10 successful pairs were obtained. The plants 
from which these ears came where sibs of the plants shown in Table 
17, but differed from them in that the female parents were constituted 
G c wx wx and the male parents had the gametic constitution c c Wx 
wx. In these cases, therefore, the storage of pollen could affect only 
the proportion of waxy to nonwaxy, and the percentage of white 
seeds should be alike on the ears from fresh and stored pollen. 

The data are shown in Table 19. 

In full agreement with expectation there was no difference between 
the ears resulting from fresh pollen and those obtained with stored 
pollen in the percentage of white seeds; the difference being 0.76 ± 0.85 
per cent. 

In the case of the waxy-nonwaxy ratio, however, it is seen that the 
ears resulting from stored pollen have on an average 4.30±1.47 per 
cent more waxy seeds than those obtained with fresh pollen. 

With these ears the period of storage averaged six hours and six 
minutes, the shortest period for any of the four groups studied, and 
the effect on the waxy ratio is less than in the other three groups. 
The ears resulting from stored pollen had on an average 126 seeds 
less than those obtained with fresh pollen, indicating a decrease in 
viability of the stored gametes, of 28 per cent. 



Table 18. —Comparison of ears resulting from fresh and stored pollen (C c wx ivx 9 X cc Wx ivx <?); no linkage is involved m these ears 
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Table 19. —Comparison of cars resulting from fresh and stored pollen (C c wx wx ? X e c Wx wx 6 ), no linkage is involved in these ears 
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There can be little doubt that the storage of pollen, heterozygous 
for Wx, for periods of several hours, increases the proportion of func¬ 
tioning gametes bearing the wx gene. 

As a means of determing how the varying periods of time used, 
affected the percentage of waxy seeds obtained, the correlation of 
time and percentage may be examined. The coefficient for the 08 
sister ears shown in Tables 16 and 18 is found to be 0.325, TWs is 
not a very close relationship, but the regression of percentage on time 
is found to be 4.04. Since percentage distributions are being dealt 
with the regressions certainly are not linear but as a very general 
indication of the effect of time the regression will serve. It is apparent 
however, that on this basis, if the pollen were stored for 18 hours, all 
the resulting seeds would be waxy. 

A very similar measure of the same thing is obtained with the 
coefficient of correlation between time and the magnitude of the 
difference between fresh and stored pollen. Here the coefficient is ' 
0.346 and the regression of difference on time is 5.37, indicating that 
with each change of one hour in period of storage there is a corre¬ 
sponding change of 5 per cent in the difference between fresh and stored 
pollen. 

POLLEN STORAGE INCREASES THE PROPORTION OF GAMETES 
BEARING THE ALEURONE COLOR FACTOR c 

Having seen that the proportion of w T hite to colored seeds differs in 
stored and fresh pollen when the waxy gene is involved, and, further, 
having indirect evidence that the disturbance is due to the effect of 
storage on the gametes bearing the wx gene, it may be well to examine 
the data accumulated from sister plants where only the C c gene is 
involved. 

These data consist of ears resulting from crosses of the nature c c 
Wx wx 2 K O c wx wx d and w T ere obtained from two progenies. 
In crosses of this nature four classes of seeds are obtained, but since 
the male gametes were all of one kind with respect to waxy, namely, 
wx, there can be no differential effect of storage operating upon this 
gene. The results are shown in Tables 20 and 21. 

The percentage of waxy should be alike in both morning and 
afternoon pollinations, and such is the case. It is of interest to 
observe that the percentage very closely approximates the expected 
50 in both arrays. 

The difference in percentage of white in Table 20 is 1.82 ±0.57, 
and for the ears in Table 21 is 1.87 ±0.74. In neither case is the 
difference significant in comparison with its probable error, but in both 
instances the percentage of white seeds is higher on those ears result¬ 
ing from stored pollen. Combining the two progenies, the mean 
difference becomes 1.84 ±0.29, clearly a significant difference, show¬ 
ing that the storage of pollen tends to increase the proportion of 
functioning gametes bearing the c aleurone factor. 

The observed changes in the proportions of white and colored 
seeds resulting from stored pollen were attributed entirely to the 
linkage between the genes c and wx. This conclusion seemed justified 
since the actual percentage of white seeds agreed closely with the 
percentage predicted from the regressions of white on waxy. 
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Table 21. —Comparison of ears resulting from fresh and stored pollen (c c Wx wx 9 X C c wx wx cf ); no linkage is involved in these ears 

(progeny Dh 416 L3 LI Co L4 LI L2 L25) 
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Thus in the progeny where the linkage is between C and wx the 
regression of percentage white on percentage waxy is —0.305. An 
increase of 6.14 in the percentage of waxy seeds should be accom¬ 
panied, therefore, by a decrease of 1.87 in the percentage of white 
seeds. Actually the observed decrease was 3.43 ±0.89 per cent, 
not a bad agreement with expectation, and the error would permit 
of an actual difference of 0.76. 

Assuming that the period of storage used on the plants shown in 
Table 17 had affected the gametes bearing the c gene to the same 
extent as was observed to be the case for the plants in Tables 20 
and 21, then the difference in percentage white on ears resulting 
from the use of stored and fresh pollen should have been 0.03 per 
cent with the percentage of white in the stored pollen less than that 
of the fresh. This figure is well within the error of the observed 
difference and the agreement with the figure obtained by use of the 
regression coefficient may be entirety misleading. 

POLLEN STORAGE AFFECTS THE CROSSOVER RATIO OF C AND Wx 

Without exception, where due allowance is made for differences in 
time of storage and the observed increases corrected for the regression 
of difference on time, there is found to be a greater effect of storage 
on both c and wx when these factors are considered separately. 

The data do not provide material for testing the effect of storage 
on the ratios of one pair of allelomorphs when the other pair is homo¬ 
zygous dominant, since in all instances where only one pair is hetero¬ 
zygous the other is homozygous recessive. This is a misfortune 
since it means that in those cases where the effect of storage on a 
single gene is measured it is in reality the effect of storage upon the 
double recessive combination c wx. 

In all of the comparisons the effect of storage apparently increases 
both the c and wx genes to a greater extent when only one of the pair 
is heterozygous than when both are heterozygous, indicating that the 
selective action is more pronounced upon the double recessive com¬ 
bination than would be expected from the degree of selection found 
for the two genes separately. 

This condition necessitates an alteration in the linkage between 
these two genes in the stored as compared with the fresh pollen. In 
the 13 ears reported by Collins and Kempton (5) it was concluded 
that storage failed to alter the crossover rate, or at least the effect 
was not greater than 2 per cent. 

From the comparison of the effect of storage where c and wx are 
heterozygous with that found for these two factors separately, an 
alteration in the crossover rate approximating 2 per cent would be 
expected. Where the genes c and wx are linked any selective force 
that operated in such a manner as to increase the proportion of the 
gametes bearing the double recessive combinations would reduce the 
number of crossovers. Conversely, when C and wx are linked a 
selective action that tended to increase both c and wx should increase 
the number of crossovers. An examination of Tables 16 and 17 shows 
this to be the case. As a result of pollen storage, crossing oyer is 
reduced in the group of ears where c and wx are known to be linked 
and is increased when C and wx are linked. In neither instance is 
the difference large, but when the two differences are compared the 
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difference between them is 3.73 ±0.95, a figure exceeding three times 
the error and probably significant. 

This evidence, though slight, tends to confirm the conclusion that 
the combination of the genes c and wx is operated upon by some selec¬ 
tive agent when the opportunity is presented by storing the pollen for 
several hours. 

GAMETIC RATIOS UNALTERED IN POLLEN STORED OVER-NIGHT 

Pollen from three heterozygous plants was collected in the after¬ 
noon, and approximately one-half of each lot was applied immedi¬ 
ately to homozygous recessive plants. The remaining halves were 
stored over-night in the collection bags and applied the following morn¬ 
ing to other homozygous recessive plants. The time of storage varied 
from 14 to 16 hours. Only a few such comparisons wore made since 
it was believed to be very doubtful whether the pollen would remain 
viable, and the number of plants available for experimentation was 
limited. 

The morning following storage the pollen was very unpromising 
in appearance, but nevertheless seeds were obtained on the three 
ears resulting from its use. The data are shown in Table 22. 

In only two of the three cases was the percentage of waxy seeds 
obtained from the use of this stored pollen higher than that obtained 
with fresh pollen. The ears resulting from stored pollen are so small 
as to make the definite determination of any but very largo differences 
impossible. 

The data are presented here simply because it indicates that these 
long periods of storage at night do not bring about correspondingly 
large increases in the proportion of waxy to nonwaxy gametes. 

Table 22. —Comparison of ears resulting from the use of fresh and stored pollen; 
pollen collected from the plants in the afternoon, one-half applied immediately 
to double recessive plants , the other stored overnight and applied the following 
moriiing 


Plant No. (female) 

Plant 

No. 

(male) 

Pollen 

collected 

i Pollen 

applied 

Num> 
ber of 
seeds 

Per cent 
white i 

Per cent 
waxy 

Per cent 
crossing 
over 

3642... 

3986 

5.20 p. m. 

5.20 p. m. 

054 

49.7dfcl.32 

48.3-fcl 32 

37. Til. 28 

3642-2.. 

3986 

5.20 p. m. 

1 7.45 a. m. 

191 

45.0i2.42 

48.2i2.43 

35. 6i2.34 

Difference.-,. 


14 hours 25 minutes^ 

463 

-4. 7i | 

—. 1 

-2.1 

35. Til. 41 
38. 2i2.34 

1593-2__ 

1881 

4.?0 p. m. 

4,20 p. m. 

520 

51. 5il. 96 

48.5dfcl, 48 

1612. 

1881 

4 20 b. m. 

8.45 a. m. 

61 

50. 0i2.40 | 

49.5i2 40 

Difference.. .. 


16 hours 25 minutes.^ _ _ 

459 

-1. 5 

1.0 

2. 5 

1624. 

1876 

4.30 p. m. 

1 4 30 p. m. 

151 

50. 3i2.74 

45.0db2. 72 

36.’ 9i2.64 
38. 5i4.39 
1.6 

1594. 

1876 

i_ 

1_ 

4.30 n. m_ 

1 8.40 a. m_ 

56 

41. Ii4.40 

51.8i4. 50 

Difference.... 

16 hours 10 minutes. 

95 

-9.2 

6.8 


It should be borne in mind that this pollen was stored in the dark, 
thus eliminating any effect that light might have on stored pollen; 
though Brink’s (8) experiments would seem to have eliminated light 
as a factor in the alteration of gametic ratios. 

In considering these three cases it should also be borne in mind 
that the pollen was collected in the afternoon and the ratio of waxy 
to nonwaxy gametes may have receded from the high point even at the 
time of collection. 
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To this experiment may be added one other ease where a tassel 
branch was removed from a plant and stored overnight with the lower 
end in water. The pollen was shaken out and applied the following 
morning. In the case of this plant the linkage was between 0 and wx. 
The ear obtained from this procedure may be compared with an ear 
resulting from the application of fresh pollen collected on the morning 
before the branch was removed, and also with an ear that resulted 
from the use of pollen collected in the morning and stored throughout 
that same day on the plant in the field, and, further, with a third 
ear resulting from the application of fresh pollen collected on the 
morning following the removal of the tassel branch. 

The data from these ears are shown in Table 23. 

Table 23. —Comparison of ears resulting from the use of fresh and stored pollen 
with an ear obtained by the use of pollen from a tassel branch kept for 15 hours 
and 45 minutes in water; the source of the pollen teas a single plant heterozygous 
for C and Wx with the li7ikage between C and wx 

POLLEN FROM ENTIRE TASSEL 


1 

Pollen collected 

Pollen applied 

Num- j 
ber of ! 
seeds 

! 

Per cent 
white 

Per cent 
waxy 

Per cent 
crossing 
over 

10.35 a. m., Aug. 15. ' 

10.35 a. m., Aug 15. 

178 

50.0±2. 52 

49. 4i2. 53 

29.7i2. 30 

Do_ _.J 

4 35 p. m., Aug. 15 . . 

519 

49.9il. 48 

53.4dfcl.46 

31. 5il. 37 

8.30 a. m., Aug. 16 .. i 

8.30 a. m., Aug. 16 . . . 

347 

54. oil. SO 

43. oil. SO 

32. 7dfcl. 69 

POLLEN FROM A TASSEL BRANCH 

4 p in., Aug lo_ ... J 

7.45 a. m., Aug. 16. 

285 

41.4dfcl.96 1 

50. 2dfc2.00 

| 30.8dfcl.84 


The chief point of interest in this comparison is the fact that the 
percentage of waxy seeds on the ear resulting from pollen produced 
by a tassel branch stored overnight in water, is not increased above 
the expected 50 per cent. 

Table 24. —Comparison of ears resulting from the use of fresh and stored pollen 
with an ear obtained by the use of pollen from a tassel branch kept for 23]/z hours 
in 50 per cent alcohol; the source of the pollen was a single plant heterozygous 
for C and IF# with a linkage between C and wx 

POLLEN FROM ENTIRE TASSEL 


Pollen collected 

Pollen applied 

Num¬ 
ber of 
seeds 

Per cent 
white 

■ 

Per cent 
waxy 

Per cent 
crossing 
over 

8.30 a. m., Aug. 16.. 

8.30 a. m., Aug. 16.. 

347 

I 54.5i'l. 80 

43.5=fcl. 80 

32. Til. 69 

9.55 a.m., Aug 17.. 

9.55 a. m , Aug. 17. 

293 

; 50.2±1. 97 

43. Til. 95 

33. Oil. 86 

Do. 

5.15 p. m., Aug. 17. 

229 

36.7i2 15 

6S. 6i2.07 

28.5i2.01 


POLLEN FROM A TASSEL BRANCH 


4.00 p. m., Aug. 16„.| 3.30 p. m., Aug. 17.. 


102 


49.0d=3.34 


56.9i3.30 


33.0i3 .17 


A very similar experiment was carried out with another tassel 
branch from this same plant, but instead of standing in water this 
tassel branch was put into 50 per cent alcohol and kept until 3.30 










70 


Yol 35, No, 1 


Journal of Agricultural Research 


p, m. the following afternoon. The ear resulting from this treatment 
may be compared with an ear obtained with fresh pollen on the 
morning of the day the tassel branch was removed and with two 
other ears, one the result of fresh pollen applied in the morning after 
the branch was removed and the other the result of storing the 
pollen in the field on the day that the pollen from the removed 
branch was applied. 

The ears are too small to permit any definite conclusions, but it is 
clear that the treatment accorded the tassel branch kept in alcohol 
did not affect the ratio of waxy to nonwaxy gametes beyond that 
found when stored pollen is used. The data are shown in Table 24. 

DISCUSSION 

Although the fact that the storage of pollen increases the propor¬ 
tion of functioning gametes bearing the waxy gene and also the 
aleurone color gene c , may be considered as demonstrated, there is 
little evidence as to what conditions, present during storage, are 
responsible for the observed results. 

Brink's (J) experiments with irradiation would seem to dispose of 
light as a factor in the alteration of the ratios, although in his experi¬ 
ments the proportion of waxy gametes increased with the increase 
in the period of irradiation. * It is possible that the phenomenon is 
one of partial dehydration, though Brink partially desiccated the 
pollen in one experiment and obtained a slight decrease in the per¬ 
centage of waxy. Attempts to gain an insight into the causal fac¬ 
tors by cooling, drying, heating, etc., were made during the past 
season. In all but the cooling experiments these attempts resulted 
in complete failure to obtain seeds. This failure, however, can not 
be attributed entirely to treatment as the untreated controls also 
were largely failures, apparently owing to the protracted drought 
prevalent at the time pollinations were made. 

Curiously enough, the only well-fertilized ears in the entire exper¬ 
iment, involving some 300 pollinations, were those that resulted 
from the application of pollen stored in desiccators at a temperature 
of 50° F. for a period of approximately seven hours. 

As none of the applications of fresh untreated pollen produced 
ears of any consequence, no control is available with which to com¬ 
pare the cooled stored pollen. The ears produced as the result of 
fertilization with such pollen have abnormal waxy ratios entirely 
comparable with those obtained in the preceding years with pollen 
stored on the plant, but without controls it is not possible to deter¬ 
mine whether the effect of cold storage is slightly greater or less than 
that of field storage. 

Lacking more precise information as to actual causes it may not 
be amiss to make provisional deductions from the data. 

In presenting the evidence for the effect of pollen storage on the 
waxy ratio, the difference between the ears resulting from fresh 
pollen as compared with those obtained with stored pollen has been 
stressed rather than the departure of the latter group from an ex¬ 
pected percentage. This method of treatment was necessitated by the 
uncertainty as to the expected proportions, since in many progenies 
there is consistent deficiency of functioning waxy gametes in one sex 
or the other. 
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Placing the emphasis on the difference between the two sets of 
ears tends to obscure the fact that those ears resulting from fresh 
pollen have a deficiency of waxy seeds below equality almost as 
pronounced as the excess of waxy seeds on the ears resulting from 
stored pollen. This condition is shown in Figure 1. 

The observed percentage of waxy seeds on all the ears resulting 
from the use of fresh pollen is 46.79± 0.30. The departure from the 
expected 50 per cent is 10.7 times the error. Pollen counts by Longley 
(9) and others have shown, even in very early stages, an equality of 
gametes bearing waxy to those having the dominant allelomorph. 
It is apparent that the proportion of gametes which fail to function 
is greater among those bearing the waxy gene than among those 
bearing the dominant allelomorph. 

The deficiency of functioning gametes bearing the waxy gene in 
fresh pollen, considered in connection with the excess of such gametes 
in stored pollen, points to a slower rate of maturity for such gametes 
rather than to a higher death rate for gametes bearing the nonwaxy 
gene. 



Fig. 1.—Frequency distributions of percentage of wa\y seeds on ears obtained with fresh and 
stored pollen: A, stored pollen; B, fresh pollen 


It is true that if the chemical nature of the gametes bearing waxy 
was such that these gametes absorbed or retained moisture, causing 
them to adhere to one another, a period of storage would provide 
time for them to become dry and to separate, thus increasing the 
effective gametes of this nature. Such a condition would result in 
restoring the ratio of waxy to nonwaxy from one of defect in fresh 
pollen to one of equality in stored pollen, but it would not result in 
increasing the ratio above equality unless accompanied by a loss of 
vitality of the gametes bearing the nonwaxy gene. 

The simplest explanation then would seem to lie in the assumption 
that gametes bearing the wx and the c genes are not mature at the 
time of anthesis and that by the time they have attained maturity 
many of the gametes bearing the Wx or the C genes have lost their 
vitality. 

Were the effect of storage restricted to the effect on the wx gene 
such an explanation might have merit since it is known that gametes 
bearing the wx gene differ chemically from those bearing Wx. But 
pollen storage seems also to have an effect on the c aleurone factor 
where a logical chemical explanation can only be surmised. 
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The gametes bearing the aleurone color gene c are not affected by 
storage to the same degree as those bearing the Wx gene, but the 
evidence seems conclusive that there is a tendency for such gametes 
to be in excess of equality in stored pollen. There is some evidence 
also that the functioning gametes bearing the c gene are less than 
equality in fresh pollen (fig. 2). 

In calculating the mean percentage of white seeds on ears resulting 
from fresh pollen it has been necessary to eliminate ears that resulted 
from the application of pollen heterozygous for both C and Wx. In 
back crosses where the male parent is heterozygous for C and Wx 
and the linkage is between the dominant allelomorphs, a deficiency 
of waxy is accompanied by a deficiency of white and, conversely, if 
dominant and recessive genes are linked a deficiency of waxy results 
in an excess of colored. If such back crosses were not eliminated in 

calculating the mean percent¬ 
age of white seeds there would 
result only an indirect measure 
of the influence of the waxy 
gene upon the colored-white 
ratios. 

For all ears resulting from 
fresh pollen not heterozygous 
for both C and Wx, the mean 
percentage of white seeds is 
found to be 49.12 ±0.29, a de¬ 
parture from 50 per cent, just 
exceeding three times the error. 

This result does not furnish 
conclusive proof that the ratio 
of gametes bearing c to those 
having the dominant allelo¬ 
morph C is less than equality 
in fresh pollen. 

It has been seen that pollen 
storage affects the gametes bear¬ 
ing the c gene to a much less extent than it does gametes with the wx 
gene and apparently the C c pair has less influence on the differential 
functioning of the gametes than the Wx wx pair. 

With the number of ears available it is not possible to determine 
with reasonable certainty for the colored-white ratio departures, 
from the expected equality, of less than 1 per cent. Until further 
data are available, therefore, it would be unwise to assume that 
functioning gametes bearing the c gene are below equality in fresh 
pollen. 

That the storage of pollen will be found to have an effect on the 
ratios of other genes seems a reasonable prediction justified by the 
results obtained with wx and c. 

SUMMARY 

When measured by differences in individual plant reciprocals 
there seems to be no basis for the conclusion that the ratio of waxy 
to nonwaxy bearing gametes is consistently less in the male than in 
the female gametes. Differences between the sexes with respect to 
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Fig 2 —Frequency distributions of percentage of white 
seeds on ears obtained with fresh and stored pollen; 
A, stored pollen; B, fresh pollen 
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this pair of genes are found, but in some progenies the proportion 
of waxy is higher in the female and in others in the male gametes. _ 
The "percentage of waxy seeds is alike on upper and lower ears in 
back crosses where the male parent is heterozygous for the Wx 
gene. In back crosses where the female parent is heterozygous the 
percentage of waxy seeds is higher on the upper ears. 

Apparently there is no difference in the percentage of waxy seeds 
on the butts and tips of the ears. 

Long styles do not seem to be associated with a low percentage of 
waxy seeds. 

Gametes bearing the genes su and wx seem to function as perfectly 
as those bearing other combinations of these genes. 

The storage of pollen in the daylight for a period of approximately 
seven hours greatly increases the proportion of functioning gametes 
bearing the wx gene. 

The storage of pollen for longer periods at night seems to have 
little effect on the proportion of wx to Wx . 

Storage of pollen increases the proportion of gametes bearing the 
aleurone color gene c, but to a less degree than is found for wx. 

The effect of pollen storage on the genes c and wx slightly alters 
the crossover ratio of these two genes. When the stored pollen is 
from plants with c and wx linked, the crossover percentage is re¬ 
duced, and where the linkage is between C and wx the percentage 
of crossovers is increased. 

Although the storage of pollen increases the proportion of wx to 
Wx and of c to C- bearing gametes to above equality, the proportion 
of these genes in fresh pollen is below equality. 

From indirect evidence it is concluded that gametes bearing 
either the wx or c genes mature at a slower rate than those bearing 
the dominant allelomorphs. 
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SELECTION FOR QUALITY OF OIL IN SOY BEANS 1 

By L. J. Cole, E. W. Lindstrom , 2 and C. M. Woodworth , 3 Wisconsin Agri¬ 
cultural Experiment Station 


INTRODUCTION 

In addition to its manifold uses in other fields of commercial activity 
soy-bean oil has of late years become an important factor in the paint 
industry. As a drying oil for paints it has passed beyond the experi¬ 
mental stage. In fact it is now possible to state that linseed oil, which 
is relatively expensive at present, can be replaced with an appreciable 
amount of soy-bean oil (20 to 25 per cent) to form a satisfactory oil 
for paints. 

The drying quality of soy-bean oil is so much lower than that of 
linseed oil that the soy-bean oil can not be successfully used alone. 
It has therefore become highly desirable to attempt to increase the 
drying quality of the oil extracted from soy beans, for a higher quality 
of soy-bean oil means a smaller proportion of linseed oil for a proper 
drying mixture, and consequently a more economical oil for paints. 

"The most logical method of attempting to increase oil quality 
permanently in the soy bean (Soja max ) is by breeding. This plant 
is well adapted for selection methods of breeding but less so for 
hybridization methods. This is true primarily because of the small 
size of the soy-bean flower, which renders crossing operations very 
difficult, but on the other hand, reduces the chances for contamination 
by cross-pollination of insects. 

Experimental evidence shows that there is less than 0.2 per cent 
natural cross-pollination with the types under observation ( 18 ) 4 . 
Because the soy bean is so largely self-pollinated, the isolation of 
relatively pure strains or pure lines is often possible. Tt has repeat¬ 
edly been demonstrated that so} 7 beans can be grown successfully in 
the Northern States. In fact, they are especially well adapted to the 
sandy regions of Wisconsin. Since this is true, it is important to 
determine whether the cooler climate of Wisconsin is favorable to 
the production of high quality in soy beans. The work reported 
herein has an important bearing on this point. 

PLAN OF THE SELECTION EXPERIMENT 

The experiment was begun in 1912 with a single soy-bean plant, 
the seeds of which were.analyzed both for quality and percentage of 
oil. The progeny of this plant was then grown to maturity and the 
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to E. W Lmdstrom for continuation, and finally ftf? completion and publication. 

The chemical analyses were made under the direction of E. B Kart, m charge of the agricultural chemistry, 
chiefly by E. M. Nelson, and also by J. S. Jurrgens, G. D. Williams, D. W Smith, and R. M. Bethke. 

Financial assistance for a part of the chemical determinations was afforded by grants from the Paint 
Manufacturers’ Association of the United States. 
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seed from each individual was analyzed. From the highest and the 
lowest analyzing plants seeds were selected for planting the following 
year. These were the beginning of the high and low selection lines, 
respectively. 

Their progeny in turn was analyzed. For each succeeding year 
the highest-analyzing plant of the high line was selected to continue 
that line. Likewise"the lowest-analyzing plant of the low line was 
chosen for continuing the low line. This procedure was followed for 
each of seven years. Hence the entire progeny at the end of eight 
years could be traced back to the single original plant. 

As a result of normal self-fertilization, this process would naturally 
tend to produce a pure line of beans, especially for the character 
being selected. At the same time other obvious characters, such as 
flower color, growth habit, maturity, and yield, would also tend to 
become uniform. 

Since quality of oil is more important in paint manufacture than 
quantity, and since the number of chemical analyses was necessarily 
limited, it was decided to concentrate on one of the characters, 
namely, quality of oil. Consequently the high and low selections 
were made on the basis of the drying quality of oil. However, the 
quantity or percentage of oil produced by each plant was also deter¬ 
mined in every case. 


ANALYTICAL METHODS 

Quality of soy-bean oil for paint manufacture depends upon its 
capacity for rapid drying. This means its ability to combine with 
atmospheric oxygen, and is dependent on the degree of unsaturation 
of the fatty acids that go to make up the oil. The best oil is that 
which is highly unsaturated, and hence combines quickly with oxygen 
to form a thin film over the paint. 

Lnsaturated oils absorbed elements other than oxygen. Iodine, 
for example, is very rapidly absorbed. Hence iodine can be used in 
determining^ the degree of unsaturation of oils, the amount of iodine 
absorbed being readily measured. The percentage of iodine absorbed 
by an oil is called its iodine number. This is found by various stand¬ 
ardized methods such as those of Htibl, Hanus, or Wijs. Linseed oil 
has an average iodine number of ISO, while commercial soy-bean oil 
averages less than 128. For the chemical analyses of oil quality in 
this experiment the method of Htibl was used. 

For analytical purposes air-dried samples of 10 gm. taken at random 
from the harvested seed of individual plants were given to the chemist. 
Occasionally two or three samples from a single plant were included 
as a check on the chemical work. The samples were labeled with 
other then pedigree numbers, so as to prevent any unconscious per¬ 
sonal equation from entering into the results. The iodine values 
quoted herein are believed to be accurate within the limits ±2 and 
the determinations on percentage of oil to ±0 3 per cent 


FIELD METHODS 

The experimental soy beans were grown in a clay-loam soil in the 
genetics plots at the University of Wisconsin. Except in 1913 the 
sou of each new plot was inoculated with soy-bean bacteria 'The 
plots were manured lightly and plowed yearly. 3 "" ' 
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Planting was all done by hand in the latter part of May or earlier. 
The rows were 3 feet apart, and the individual plants were spaced 
exactly 2 feet apart in the row. Each row was properly staked, and 
when the plants were mature each was labeled with a tag bearing its 
pedigree number. 

Usually 50 or more seeds from each selected plant were grown to 
maturity". As far as possible these w r ere grown in duplicate rows 
planted in different parts of the plot. Notes on flower color, growth 
habit, pubescence, and maturity were taken for each plant. These 
various characters served as excellent checks on the relative purity 
of the strains. 

Harvesting the seed was done entirely by hand, the plants being 
pulled or cut separately. After harvesting they were taken to the 
seed house and dried for a period of three weeks or longer. 

The plants were then threshed by careful w r orkers. Each plant 
with its tag was run through a small threshing machine especially 
devised for this work. The construction was such that it was prac : 
tically impossible for a bean to lodge in any of the various parts and 
so contaminate the plant that followed. 

It is firmly believed that errors of mechanical mixing of seed and 
erroneous labeling have been reduced to a negligible minimum, since 
the person directly in charge of the experiment was in close personal 
touch with the work at all stages. Careful note-taking on the many 
morphological characters has made it possible to detect any very 
evident mixtures in the field, since the two selection lines differed in 
some of these characters. 

CHEMICAL COMPOSITION OF THE SOY BEAN 

While the interest of this report centers chiefly in the relation of 
soy-bean oil to paint manufacture, it seems advisable to indicate 
briefly the general chemical composition of the soy bean. A brief 
comparison between its composition and that of other oil-producing 
seeds has accordingly been arranged (Table 1). 


Table 1. —Chemical composition of various oil-producing seeds 


Seed 

Source of data 

Oil 

Water 

Ash 

Crude 

protein 

_ . 

Fiber 

N-free 

extract 



Per cent 

Per cent 

Per cent Per cent 

Per cent 

Per cent 

Soy bean. 

Henry and Morrison (7)_ 

17.5 

9.9 

5.3 

36.5 

4.3 

26,5 

Do. 

.... Delaware Bui. 99 04)._ 

17 2 

11.7 

4.8 

33.5 

4.5 

28.3 

Do.. 

. _ U.S.Dept. Agr. Farmers’ Bui. 

16.9 

10.8 

5.8 

34.0 

4.6 

28.7 


' 58 <<?, 16). 







Flaxseed. 

Henry and Morrison (7)_ 

33.7 

9.2 

4 3 

22.6 

7.1 

23.2 

Do. 

... North Dakota Bui. 118 (15). 

37.5 

5.0 


24.6 



Do. 

.do... 

39.3 

6.7 





Cottonseed. 

...i Henry and Morrison (7). 

■ 19 0 

9 4 

4.6 

19.5 

22 6 

24.9 

Do. 

DelawareBu! 99(14). 

, 19.9 

10.3 

3 5 

18.4 

23 2 

21 7 

Dent corn. 

... Henry and Morrison (7). .. 

5 0 

10 5 

1 5 

10.1 

2.0 

70,9 

Sweet corn. 

_do... 

1 7.9 

9.3 

J 8 

1 11.5 

2.3 

67.2 

Sunflower_ 


| 21.7 

6.9 

3.1 

I 16.1 

27.9 

21.3 


The soy bean averages 17 to 18 per cent oil, which is considerably 
lower than flaxseed and much higher than corn. Analyses reported 
by Fellers (3) for a large number of soy bean varieties are given in 
Table 2, These analyses show that there is a distinct varietal dif- 
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ference not only in percentage of oil but also in percentage of protein. 
Some well-known varieties like Auburn, Manchu, Guelph, Black 
Eyebrow, and Medium Yellow yield high in oil as well as in protein. 
This is an important consideration where soy beans are used for 
feed as well as for oil. Incidentally, Fellers believes that the oil is 
more easily pressed from some varieties than from others. 


Table 2. —Average percentage of oil and protein in different varieties of soy beans; 

from Fellers (3) 


! 

Variety 

i 

Number 

of 

sample* 

Average 
per cent 
of oil 

Average 
per cent 
of protem 

Variety 

Number 

of 

samples 

Average 
per cent 
of oil 

Average 
per cent 
of protein 


3 

25 2 

36.9 

Haberlandt_ 

6 

19.2 

38.3 

Auburn..| 


2l.fi 

40 0 

Ito San.. 

6 

19 0 

41 4 

.Munch u.; 

6 

i 21. fi 

40 fi 

, Wilson.._ 

6 

18 S 

37.3 

Ohio 9035 ..„-J 

0 

! 21. fi 

37.3 

Manhattan.. 

4 

18.5 

37 9 

Ouelph..i 

8 

i 2L2 

: 38.1 

: Peking... 

6 

17.9 

37.3 

Black Eyebrow-' 

172 

! 20 2 

1 38 7 

Ilollybrook. 

6 

17 2 

40 8 

Me'iium Yellow.... 

6 

I 19 fi 

‘ 39 3 

Arlington.. 

6 

16.7 

43.4 

Early Brown.; 


| 19. fi 

1 

40. 3 

Ebony..., 

! 

8 

14 6 

43.6 


It has been reported that an average bushel of soy beans contains 
about 11 pounds, or 1.42 gallons, of oil. At present oil mills are 
expressing only 70 to 75 per cent of the total amount of oil contained 
in the beans. By the proper use of a solvent, such as benzol, prac¬ 
tically all of the oil might be removed. 

The oil of the soy bean normally is practically neutral, and about 
95 per cent is saponifiable. It is very similar to linseed oil. The oil 
itself consists of about 95 per cent of glycerol esters of the fatty acids. 
The oleic, linoleic, and linolenic acids are the unsaturated acids that 
are responsible for the drying quality of the oil. Their various 
proportions are given in terms of percentage as follows: 


Oleic acid_ 

Linoleic acid- 
Linolenic acid 


26.5 (Smith). 

33.4 (Baughman and Jamieson). 

56.6 (Smith). 

51.5 (Baughman and Jamieson). 
2.4 (Smith). 

.2.3 (Baughman and Jamieson). 


The oil of the soy bean is classed as a semidrying oil, being more 
efficient than cottonseed oil and less so than linseed oil. After treat¬ 
ment with certain driers, it is satisfactorily mixed with linseed oil if 
the proportion of soy-bean oil does not exceed 20 to 25 per cent. 

Published data on the iodine values of soy beans, indicating the 
drying quality of the oil as compared with other oils, are recorded 
in Table 3. 

The average iodine number of soy-bean oil can probably be given 
as 128 to 130, although ordinary commercial oil often tests some¬ 
what lower. Linseed oil is markedly higher, and cottonseed and 
corn oil are much lower. There is considerable variability among 
the different varieties of soy beans in their iodine value as well as 
among different samples of the same variety. In general, it is true 
that there is no significant difference between imported and domestic 
beans. 
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Table 3. —Iodine numbers of oil of different seeds 


Oil 

| | 

Source of data 

Number 
of samples 
analyzed 

Iodine 

number 

Soy beau: 

_ Delaware Bui. 99 (14) _ 

4S 

129.7 

Do - 

_ Paint Manfrs Assoc. Circ. 37 ( 10 )_ 


125 8 


_ __do__1_ 

2 

128.8 

r I)o_ 

_ Paint Manfrs. Assoc. Circ. 67 (4) ____ 


130.7 

Do 

. .do___— 

0 

134 5 

I to San 

_ North Dakota Bui 118 (IS) _ 

17 ! 

131.2 

Haherlandt_ _ 

__do._____ 

8 

129.2 

Wilson _ 

_ _do____ 

17 

129.0 

Manchuria 

_ _do___ 

31 

126.6 

Mammoth Yellow __ __ 

_ Baughman and Jamieson (/)_i 

128 0 

Linseed - __- 

Delaware Bui. 99 (14) ____ 


180 0 

Do .... 

' Paint Manfrs. Assoc Circ. 67 (4)_ 

3 

189. 3 

Do_ _ 

_ _ North Dakota Bui. 118 (IS) __ 1 

48 

185. 9 

Cottonsepd 

' Delaware Bui. 99 C4) 

mo 

Corn._ 

_ . do_ : 


119 2 





PREVIOUS WORK ON THE HEREDITY OF CHEMICAL CHARACTERS 

Except for experiments on plant pigments and considerable practi¬ 
cal breeding for sugar in beets, there has been little direct research 
on the inheritance of chemical characters in plants. 

The Illinois corn-breeding experiment (12) on selection for high 
and low protein and high and low oil content stands preeminent in 
this field. By means of simple mass selection, four strains of corn 
were isolated after 10 years of breeding, a high-oil and a low-oil, a 
high-protein and a low-protein strain. 

By analyzing the pedigree records of the Illinois experiment, 
Surface (13) was able to show that the selection process had merely 
isolated already existing types of oil and protein percentage, the 
intermediate types having been discarded during the years of selec¬ 
tion. This process is characteristic of an open-pollinated crop like 
corn. 

Pearl and Bartlett (11) describe a preliminary undertaking on the 
heredity of chemical characters in maize. From their experiments 
they infer that such seed characters as moisture, nitrogen, protein, 
crude fat, ash, crude fiber, pentosans, sucrose, dextrose, and starch 
are inherited in maize essentially in accordance with Mendelian 
principles. They state that “probably each of the characters, 
protein, crude fat, and ash content, segregates as a definite and 
distinct unit character. ” However, their evidence is limited and 
their conclusions remain unchecked. All present evidence indicates 
a far more complex situation. Especially is this true of protein, as 
the work of East and Jones (2) proves. 

Woodhouse and Taylor (17) report some interesting and critical 
results obtained in experiments on the relation between nitrogen 
content and oil content of soy beans. In these experiments they 
were apparently working with pure varieties, and their analyses are 
based on seed from single plants. 

The varieties or types of soy beans used were named according to 
seed-coat charaeterietics, black, yellow, and chocolate. The vege¬ 
tative characters of the yellow and chocolate types were similar, but 
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distinctly different from those of the black type. A summary of 
the findings that bear on the present problem follows: 


I ! 

! Nitrogen, | Oil, per 

* anetj J p er cen ^ j cent 

i .J 

Correlation, 
nitrogen 
and oil 

! I 

Blue*______--J 6.72dt0.02 13.52±0.0S 

Yellow.....-.-. 1 5.61± .02 ; 16.99=±= .07 

Chocolate _ .. _ _„ _ 5.57 dz .02 i!7.13ds: .09 

-0.25±0.07 
- . 34d= .07 
j- .33=b .07 

! 


It is evident that the black variety is distinctly different from either 
of the other two, both in nitrogen and in oil content^ This difference 
is statistically significant, as the writers have determined by calculat¬ 
ing the probable errors of the differences. For example, between 
the black and yellow varieties there is a difference in nitrogen of 1.11 
per cent, the probable error of which is 0.03 per cent. For oil con¬ 
tent the difference between these varieties is 3.47 per cent, with a 
probable ei’ror of 1.05 per cent. 

It is interesting to note that a slight negative correlation exists 
between nitrogen and oil content in all three varieties. In other 
words, a high oil content apparently means a slightly lower nitrogen 
content. Woodhouse and Taylor stress the point that the correlation 
is not very large. They are inclined to believe that “the percentage 
content of nitrogen and oil is in all probability a characteristic that is 
inherited.They also note that selection for extreme percentages 
of nitrogen and oil did not affect the chemical content of the progeny 
in these respects in the following year. 

Fellers (8) is inclined to believe that, in general, varieties with a 
high percentage of protein (or nitrogen) show a slightly low r er per¬ 
centage of oil. By calculating the coefficient of correlation for 
protein and oil from his data for 25 varieties, a fairly high negative 
correlation is found (— 0.56 ± 0.09). But in view of the nature of the 
material, which was a heterogeneous mixture of varieties, the value 
of such a correlation is extremely uncertain. 

Similarly, from certain data given by Grantham (6) the writers 
have calculated the correlation between percentage of protein and oil. 
These data are given in the form of chemical analyses for 51 varieties 
of beans, a single determination for each variety. To determine a 
correlation in such a mixture of types is often hazardous, but in view 
of Fellers (3) and Woodhouse and Taylor's (17) results in a similar 
situation, these data seemed to afford an interesting check. The 
correlation between these two characters was found to be — 0.02 ±0.09. 
This negative correlation is so small, however, especially in com¬ 
parison with its probable error, that no evident relation can be said 
to exist between percentage of protein and percentage of oil. 

Ladd (5), in chemical analyses for oil quality and percentage of oil 
in the soy bean, finds that the iodine number of a certain soy-bean 
varity is soniewhat changed by the locality in which the plants are 
grown. Limited data indicate that “when beans giving a certain 
iodine value in one locality are then grown in a colder climate they 
show a decided increase in the iodine number. When soy beans 
from the North are grown in a warmer climate the iodine value 
drops/' He also states that “an increase or decrease in iodine value 
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seemed to have no consistent effect on the oil content nor does the oil 
content seem to affect the iodine number.” These conclusions have 
an important bearing on the results of the investigations reported 
herein. 

It is worthy of note that both the results of Garner, Allard, and 
Foubert (5) and of Fellers (3) show that early and late plantings of 
the same variety produce some differences in the percentage of oil. 
The very late plantings showed a decrease in oil percentage. The 
first-named investigators are not inclined to regard the difference 
as due primarily to the date of planting, however, but rather to the 
character of the season itself. They found no correlation between 
size of seed and percentage of oil. The addition of phosphorus to 
pot cultures seemed to increase the oil content, but potassium had 
no effect. Under practical conditions, they were inclined to believe 
that climate is a more important factor than soil type in affecting the 
oil content of soy beans. 

Fellers (3) remarks that in his experiments phosphates increased 
the protein content of soy-bean seeds at the expense of oil and that 
lime (oxide or carbonate) depressed the oil content. He also main¬ 
tains that the inoculation of soy-bean plants with Bacillus radicicola 
caused a marked decrease in oil content. 

EXPERIMENTAL RESULTS OF SELECTION FOR OIL QUALITY 

As a preliminary step in the selection experiments, 11 varieties or 
strains of soy beans from various sources were analyzed in 1912 for 
their iodine number and percentage of oil. The results of these 
preliminary tests are recorded in Table 4. 

Table 4. —Chemical analyses of oil in soy beans of different varieties in 1912 


Variety or B. P. I. No. a 


Wisconsin 
Brown... 

17257 . 

17258 . 

17268c.--. 
17277.— 
18227. 

20405 . 

20406 . 

20854. 

Illinois... 
Yellow.. . 
Wisconsin 
Brown... 


Number 
of plants 
analyzed 

Average 
per cent 
oil 

Average 

iodine 

number 

Range in per 
cent oil 

Range m iodine 
number 

} 5 

1S.0 

127.6 

17.4 to 18.8 

122.2 to 132.5 

5 

16.8 

133 1 

12. 6 to 19. 2 

127. 4 to 136.3 

f* 

19.3 

128.8 

17.2 to 23. 6 

124.2 to 133.7 

4 

IS. 1 

131.2 

17.1 to IS. 9 

122.2 to 137.7 

5 

19.0 

123. 6 

37. 2 to 21.0 j 

109.9 to 132.4 

6 

17.3 

130.1 ! 

14.0 to 20.0 ! 

125.3 to 137.8 

: 5 

17.3 

129.6 

13.9 to 19.1 

121.0 to 139. 6 

5 

19.9 

130.1 

18 4 to 21. 3 

126.0 to 133. 2 

7 

20.1 

322.4 

17. 7 to 22.1 

117.0 to 128.0 

ii 2 

17.8 

128.2 

16. 5 to 19.2 

127. 6 to 128.9 

i} 4 

l 

19.1 

126.0 

18.0 to 20.2 

122.2 to 128.0 


a Bureau of Plant Industry, U. S. Department of Agriculture. 


As a result of these analyses, B. P. I. No. 17277, which showed the 
greatest range of variability in iodine number, was chosen as a start¬ 
ing point for the selection experiments. In view of the complex 
variability of this variety in the succeeding years, it would perhaps 
have been wiser to choose a variety that was purer for its morpho¬ 
logical characters. 

The seed of No. 17277 was obtained from the department of 
agronomy at the University of Wisconsin, having come originally 
54977—27-6 
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from the Bureau of Plant Industry of the United States Department 
of Agriculture. The variety name at that time was Manhattan. 
The seeds were yellow, with traces of brownish seed-coat pigment 
around the hilum. This variety was far from pure, for there was 
variation in flower color (purple and white), in pubescence color 
(tawny and gray), in growth habit (tall and dwarf), and in time of 
maturity. 

Five plants of No. 17277 were analyzed in 1912. Of these, one 
plant, Wisconsin pedigree No. 1225c, which analyzed highest in 
iodine number (132.4) was chosen to continue the selection experiment. 

The seed of 1225c was grown in 1913. Again variability of the 
strain appeared, especially in flower color and growth habit. Chemi¬ 
cal analyses of 20 plants taken at random among the progeny were 
made, and the results recorded (Table 5). 

Table 5. —Iodine number and percentage of oil of progeny of original plant 122oc f 

1913 


Plant No 

Iodine 

number 

Per cent 
of oil 

Plant No. 

Iodine 

number 

Per cent 
of oil 

1325c-] GO__ 

133. 0 

17.7 

1325C-S8... 

126.7 

17.5 

!325e-142.-.. 

131 5 1 

IS. 1 

13250-148 .- 

126 7 

17.2 

132oc-13*5. 

130 5 | 

IS. 4 

1325C-90. 

126 3 

17.8 

1325e-l10. 

130. 5 ! 

19 2 

1325C-80 . 

125 6 

17.7 

]325e-64.1 

1 130 2 | 

19 5 ; 

1325C-5S..j 

124. 6 

17.2 

13250-132...1 

i 129 5 ! 

77 n . 

! 13250-84 . _i 

124. 5 

20.0 

13250-322. 

129. 5 

17. 9 j 1325C-62 . 

124 3 

17. 6 

1325C-144__I 

129 5 

IS. 4 11 13250-152_ _ 

117.1 

18.9 

132." c-13S. 

12S.0 i 

IS 7 , 

1325C-132.-- 

107. 5 

14.2 

33250-154...] 

13250-60.J 

127. 6 1 
127.1 i 

i 

19. 3 , 
IS 7 i 

Average. 

126.5 

18.0 




Although considerable variability in iodine number was manifest, 
only one plant surpassed the analysis of the mother plant. This 
plant, 1325c-100, with an iodine number of 133, was consequently 
chosen as the starting point of the high line. The plant lowest in 
iodine number, 1325c-132 (107.5), was chosen to serve as the begin¬ 
ning of the low line. 

From this point selections for high and low iodine number were 
made in each of the following years: 1914, 1915, 1916, 1917, 1918, 
1919, and 1920. In each year the plant of the high line having the 
highest iodine value was selected to continue the high line, and the 
plant of the low line having the lowest iodine value was used to 
continue the low line. Thus selections were made on iodine value 
and not on percentage of oil, although the latter was always deter¬ 
mined. 

The average. (mean) yearly iodine number with its probable error, 
and the variability of each year's progeny as measured by the stand¬ 
ard deviation, are listed in Table 6. 
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Table 6. —Means and standard deviations of eight years 1 data for high and low oil 
selection in soy beans in terms of iodine number 


Pedigree No. 

Year 
grow n 

Number 
of plants 
ana¬ 
lyzed 

Selection line 

. 

i Mean 
(average) 

1 iodine 

1 number 

1 

Stand¬ 

ard 

deviation 

1325c-100 .. 

1913 


1 

High..... 

_ 133.0 


1325c-132 

1913 


1 1 

Low... 

_I 107. 5 



1914 


20 

High. 

_1 137 1-M). 5 

3.1*0.3 


1914 


23 

Low..... 

.... 135.9* .3 

2 3* 2 

99.... 

1915 


14 

High___ 

_: 125.4*1.2 

6 5* 8 


1915 


h 

Low__ 

231.4* .6 

2 3* 4 

207... 

1916 


50 

High...... 

130 2* .4 

3.8* .3 

212-3... 

1916 


20 

Low____ 

12 s 4* .4 

2 4* 3 

400...... 

1917 


87 

High___ 

..... 134.5* .2 

2.4* .1 

401.-.| 

1917 


44 

Low.. 

....' 132.2* .2 

2 3* 2 

son....1 

1918 


61 

High... 

..... 136.6* .4 

4.6* 3 

kf -17 

191S 


45 

Low*.... 

_' 124.9* .2 

2 2* 2 

1129..---.' 

i 1919 


34 

! High.... 

131.9* .5 

4.2* .3 

1131-2 

! 1919 

i 

41 

I Low.. .. 

_j 124.5* .3 

3,3* 2 

1325... 

j 1923 


63 

J High--- 

_. 132.5* .3 

3.5* .2 

1331.... 

1920 


16 

| Low.. 

1 

-1 125.2* .8 

4 5* 5 

1 



Low Selection Line 



Fig. 1 —Yearly averages of iodine numbers in the high and the low selection lines of soy beans for a 
period of seven years (1913-1920). The broken line is a fitted straight line to indicate general 
trend 
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The general trend of the eight years’ data on selection for iodine 
number is most easily visualized by plotting graphically the yearly 
averages, as has been done in Figure 1. In this graph the high and 
low lines have been plotted separately, and a straight line has been 
fitted to the data by the method of least squares. This line should 
indicate the general trend of the results, which is somewhat obscured 
by seasonal or yearly fluctuations such as are common with all 
determinations oi chemical characters in plants. In fact, as will be 
shown later, these fluctuations are a serious obstacle to any selection 
work, since they often obliterate the true genetic nature of the plant. 

The general trend of the data on iodine values for the high line 
during the seven years of selection seen in Figure 1 shows a slight 
upward tendency. It indicates that some slight progress has been 
made in increasing the iodine number of the variety. But the 
increase is so small that its real significance might be somewhat in 
question. When compared with the original average of 123.6 (Table 
4), however, there is perhaps no doubt that the increase is significant. 
From a commercial standpoint such an increase is of doubtful value, 
since it has not surpassed the already existing quality of soy-bean 
oil to an appreciable extent. 

A glance at the lower half of Figure 1 reveals a distinct downward 
tendency of the low line. If all the data are considered (including 
the abnormally low value of 107.5 of the single plant from which the 
line originated) a fitted line shows a slight upward trend. This 
obviously does not fit the facts of the case, for this upward tendency 
is entirely occasioned by the first ordinate in the graph. This point, 
which is that of only a single-plant analysis (and that most certainly 
an abnormal one, as shown by the distinct jump in the following year 
1914), should not be permitted to influence the rest of the data to 
such an extent as it does. Accordingly, a straight line has been 
fitted to the data of the years 1914-1920, each ordinate of which is 
represented by an average of a fair sample of analyzed plants and 
not of a single plant. When this is done a pronounced downward 
trend is noted. This undoubtedly approximates the true condition. 

In order to provide a more detailed analysis of the data, the dif¬ 
ferences between the averages (means) of the high and low lines for 
the successive years of selection have been arranged (Table 7). 


Table 7. —Difference between the average iodine numbers of the high and low 

selection lines 


Year 

! Selection line 

1 Mean > 

• iodme ! 

Differ- 

' 

1 Year 

1 Slection line 

1 


i 

i number 


, 

, 

1933_ 

(High. 

133 0 


1917... 

(/High 

i\Low. 

. 107.5 I 

\ 2o. 0 

",\Low.. 

1914_ 


J 137. liO 5 f 
. 135.9i . 3 

[ 1.2i0.6 

1918... 


1915_ 


., 125.4il.2 / 
131.4i .6 !, 

6. Oil. 3 

i 1919... 

-|{& h . 

1916*.. 

1 (High. 

130.2i .4 r 

j- 1. Si . 6 

< 1920... 

~ \Low.. 

. 128.4ds .4 |. 

i ' 

“|\Low. 


j Mean 
j iodine 

Differ- 

! number j 

ence ° 

i 1315i0.2 
! 132. 2i . 2 

} 2.3i0.3 

, 136. 6i .4 
, 1219i . 2 

}ll.7i .4 

1 131. 9i . 5 
| 121 5i . 3 

} 7.4i .6 

132. 5i .3 
125.2i . 8 

1 

} 7.3i .9 


8 An LE ot ^ tion between the two variables has been disregarded m calculating the probable 

error of the difference. * 
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The last column in this table shows that during the early years 
of the experiment (1914-1916, inclusive) there was no constant or 
significant difference in iodine value between the high and low lines. 
Commencing in 1917, however, the difference attains a statistical 
significance in comparison with its probable error, and this is con¬ 
tinued in the following years. In the last two years (1919 and 1920) 
the difference appears to have become constant. Certainly it is 
mathematically significant; and there is probably not much doubt 
that the high and low lines have been noticeably separated during 
the course of selection. 

From the experimental data presented above one might deduce 
that the selection methods had actually changed the chemical con¬ 
stitution of the oil in the original variety of soy bean. But another 
phase of the experiment seems to reveal the underlying cause. 

This new phase of the problem is concerned with a certain mor¬ 
phological or physiological character of the soy-bean plant and its 
apparent relation to the iodine value of the oil. It has been stated 
that the original variety from which the high and low selection lines 
w~ere developed w r as, unfortunately, not pure for certain botanical 
characteristics, notably flower color, pubescence, maturity, and 
growth habit. Further, it has been noted that the selection process 
eventually rendered the two lines pure for certain botanical 
characters. 

At the present time the high line is characterized by purple flowers, 
gray pubescence, lateness of maturity, and a tall, somewhat inde¬ 
terminate habit of growth. The line breeds true for these characters. 
The low line, on the other hand, is pure for white flowers, gray pubes¬ 
cence, and a dwarf, stocky, determinate habit of growth. The low 
line is also fully two weeks earlier than the high. The distinction 
in growth habit is clearly seen in Figure 2, which shows a high and a 
low’ line row’ of plants growling side by side in 1922. 

“By 1916 the original mixture of botanical characters w r as straight¬ 
ened out as far as the low 7 line was concerned. As to flow’er color, 
this low 7 line proved to be white from the very beginning. The grow T th 
habit, which at that time w T as more difficult of determination because 
of variation, w T as not certainly pure until 1916, when it wras noted as 
100 per cent dwarf; and this w r as accompanied by an early maturity. 

The high line, on the other hand, continued to throw the dwarf 
type in a definite proportion (approximately 25 per cent, being a 
simple Mendelian recessive) until and including the year 1919. In 
1920, however, it wras decided to render it pure for this grow r th habit. 
Accordingly, 10 of the highest-analyzing plants of 1919 w T ere selected 
and growm in progeny rows the following year. Four of these proved 
to be 100 per cent tall. They repeated this process uniformly in the 
following seasons of 1921 and 1922. 

As the matter now 7 stands, these selections for plant characteristics, 
by removing the secondary modifiers of grow 7 th habit, have produced 
two unusually distinct and uniform lines of plants. The high line is 
remarkably uniform for growth habit (tall and somewhat indetermi¬ 
nate), purple flower color, and time of maturity, being distinctly late 
or medium late. During the season of 1922 evidences of mosaic 
rendered an otherwise vigorous strain somewhat unhealthy in 
appearance, but apparently did not influence the yield to any extent. 
This high line would be classed as a more than average yielder of seed. 
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The low line is characterized by a stocky, bushy habit of growth, 
white flowers, and very early maturity. It is a very pool yieldei 



Fig. 2 —A, row of low-line selection of soy bean, showing early dwarf type; B, row of high line, 
showing the late tall type 

most seasons. The low line beans show much greater development 
of a brownish pigment of the seed coat around the hilum than do 
those of the high line. 
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The point at issue, however, is the relation between these botanical 
characteristics and oil production. It has been noted that apparently 
the difference produced hj high and low selection for iodine number 
(an average difference of about seven to eight in the last three years) 
was caused by a slight increase in the high line and a marked decrease 
in the low line. With this in mind a survey of the data should reveal 
something of interest. 

A glance at Table 7 shows that in the } r ears 1914 to 1917 there 
was no great difference in average iodine number between the high 
and low lines, except in 1915, when an actual difference in favor of the 
low line occurred (for which there is no accountable reason). There 
was an average difference of about two points in favor of the high 
line for the years 1916 and 1917. Later, in 1918-1920, this difference 
was markedly accentuated. 

However, when the records, both botanical and chemical, are 
scrutinized carefully a possible explanation for this phenomenon 
appears. If the analyses within the high line are separated so as to 
group the late tall type of plant separately from the early dwarf type 
occurring in that line during those years, it is apparent that there are 
actually two groups chemically; the one with the higher analyses 
coming from the tall late plants and the other, which is considerably 
lower, from the early dwarf plants. 

This fact is conclusively shown in Table S, in which the iodine 
numbers of the late tall plants are contrasted with those of the early 
dwarf plants. The data are taken from the 1916, 1917, 191S, 1919, 
and 1920 crops, since before those years the distinction between the 
two plant types in the high line was not accurately enough determined 
to permit certain classification. 

Table 8 . —Iodine numbers of late tall and early dwarf types of soy beans 


Year grown 

Late tall type (all 
from high line) 

Early dwarf type 
(from high and 
low line) 

Differ¬ 

ence 

Number 

of 

plants 

Average 

iodine 

number 

Number 

of 

plants 

Average 

iodine 

number 

1916.-...... 

44 

130 5 

26 

128.9 

1.6 

1917.....—.-i 

66 

136.5 

64 

131.9 

4 6 

ISIS___ __j 

51 

137.9 

55 

126.2 

11.7 

1919..| 

50 

133.4 | 

66 

124 4 

9.0 

1920.......! 

1 

63 

132.5 ! 

1 

15 

125.2 

7.3 


It will be noted that, beginning in 1916, the late tall plants show 
a consistently higher iodine number than the early dwarf plants. 
This difference becomes marked in 1918, and from that point con¬ 
tinues to be statistically significant. It so happens that the 1920 
data show the least difference. The excess shown by the high line 
(132.5±0.3)—which in that year consisted only of the late tall 
type—over the low line (125.2±0.2), consisting only of the early 
dwarf type, is 7.3 ±0.9. The difference is eight times its probable 
error, and is of real statistical significance. 

From this we are forced to conclude that the separation of the 
high and low lines in the selection process is in all likelihood due pri- 
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marilv to the isolation of a low-analyzing strain characterized by an 
early' dwarf type of plant. Whether the correlation existing is 
between quality of oil and earliness (and lateness), or tallness and 
dwarfness is uncertain. The following indirect evidence seems, 
however, to throw some light on the problem. 

Two sets of 10 plants each of pedigree 207 were chosen for analysis 
at different stages of maturity. About 10 pods were picked from 
each plant. The first picking was made on August 23, when the 
seeds and pods were green; the second on September 8, when the 
pods were turning yellow; and the third on September 18, after the 
plants w'ere fully mature and the seeds thoroughly dry. 

Table 9. —Chemical analyses oj soy beans at different stages of maturity 


Date of 
picking 

Average 
per cent . 
of oil 

Iodine !**«* 
number d f ryb ‘ sl s 

Stage of ripeness 

Aug. 23 
, Sept. S 
Sept. IS 

1 Aug. 23 

1 Sept S 

1 Sept, lis 

19 Of] , 
24.11 , 

1 IS. 41 j 

1 19.30 ■ 

; 24.17 

IS 17 

124 9 71. 6 

125.0 i 41.0 

12S.S |. 

126. 5 . 71.1 

124. G 40 3 i 

129 1 I.__! 

1 

Pods and seeds green. 

Pods turning yellow. 

Seeds ripe and dry. 

Pods and seeds green. 

Pods turning yellow. 

Seeds ripe and dry. 


The analyses of the seed from these two sets of plants are shown 
in Table 9. The two sets cheek each other fairly well. It is signi¬ 
ficant that the iodine number increases quickly at the last stage of 
maturity, there being yery little difference in the early stages. 

One explanation which may be offered to account for the fact 
that the late, high line has a higher iodine yalue than the early low 
line is that the quick maturity of the low line may possibly retard 
the complete deyelopment of the unsaturated oils, whereas the 
slower maturity of the high line may proyide better conditions for 
the oil formation. 

A further explanation is offered in view of the experience of Ladd 
(S). He found that a colder climate markedly increased the iodine 
number of a variety, and that when northern varieties of soy beans 
were grown in the South, a noticeable decrease in the iodine value 
occurred. Accordingly, the cooler weather prevailing at the time 
the high line matured might probably have influenced the iodine 
value, since the lower temperatures occurred at a time wdien, as the 
experiments indicated, a rapid change in iodine value was taking 
place. The climate of Wisconsin becomes noticeably cooler during 
September, especially at night; so that a difference in maturity of 
two weeks at this time might perhaps be critical in the development 
of the unsaturated oils. For this reason it seems logical to assume 
that the correlation noted above exists between high iodine value 
and late maturity (or low iodine value and early maturity). If 
this assumption is true, the soy beans of highest quality must neces¬ 
sarily be^ the later-maturing sort, or they must be grown so that 
their critical stage of maturity coincides with cool weather. This is 
a matter that can readily be tested by experiment. 4 


< This pomt was subjected to a test in 192% but because of adverse circumstances in the field, the value 
of the material for experimental purposes was destroyed. Attempts were made to verify the hypothesis 
later, but conditions prevented it. After much delay this report is presented without verification of this 
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VARIABILITY IN IODINE VALUES DURING THE PROCESS OF 

SELECTION 

Ordinarily the continued selection for any one character tends to 
produce a more uniform progeny in respect to that character, and this 
is especially true of pedigree selection such as was practiced in this 
experiment. It is a noticeable fact, however, that the variability of 
the iodine numbers did not decrease materially as the selection 
process went on (Table 6). Perhaps the obvious reason for this 
inconsistency is the fact that a chemical characterlike quality of oil is 
extremely susceptible to external conditions. Climatic conditions 
for example, are known to exert a very marked effect upon it. Hence 
some of the variability shown in the early stages of the experiment 
might be attributed to such causes, and not all to the heterozygous 
genetic condition of the soy bean. Selection would then cause no 
appreciable change in the variability, especially after the plant type 
was fixed. 

For this reason successful selection for high (or low) quality of oil 
is very difficult. The true genetic potentiality of the plant is so 
obscured by these temporary fluctuations caused by the immediate 
environment that the selection for high or low quality is rarely based 
on heritable variations that would make for progress. 

Table 10. —Means and standard deviations of eight years' data on percentage of oil 

in soy beans 


Pedigree No. 


Year 

grown 


i Number 
■ of plants , 
| analyzed 


Selection line 


I Mean 
! (average) 
per cent of 
oil 


! Standard 
. devia¬ 
tion 


1325C-100. 

1325C-132. 

5 - 

6 . 

99 . 

98 .. 

207. 

212-3_ 

400.. 

401_ 

866 -. 

867_ 

1129_ 

1131-2_ 

1325_ 

1331_ 


1913 ! 

1913 i 

1914 

1914 ! 

1915 i 

1915 I 

1916 ! 
1910 l 

1917 j 

1917 

1918 I 

1918 | 

1919 

1919 

1920 
1920 I 

_L 


1 

Hi"h ..... ! 

17.7 


1 

Low ... ! 

14.2 

_ 

20 

High - 1 

14.84=0.1 

6 . 84=0 .1 

20 

Low. ... ! 

15. Si .1 

.8=1= .1 

14 

High ..... J 

13.14= .2 

1. 04= .1 

S 

Low_ __ i 

14 3=b .2 

.84= .1 

SO 

High . .i 

16.2dt .1 

1.44= .1 

20 

Low__ .. ... _ 

17.54= .1 

.64= .1 

87 

High .-.. 

14. 04= . 1 

1.54= .1 

44 

Low ... 

I3.7=fc 1 , 

.74= .1 

61 

High __ 

16 Sdb . 1 , 

1.14=.l 

45 

Low .. 

1 16 24= . 1 

1.44= 1 

34 

High _ 

17. l=b .1 , 

1.14= . 1 

40 

Low ... 

! 15.44= . 1 i 

1.34= . 1 

64 

High---- 

! 16.74= . 1 ' 

.74= .1 

16 

Low____ 

14 . 64 = .2 

1.34=. 1 


A glance at Table 10 shows that the variability in oil percentage 
was also unchanged during the course of the experiment. This is 
not strange since there was no attempt to select on the basis of oil 
percentage. 

It should be noted that the many morphological characters of the 
soy-bean plants were gradually rendered less variable during the 
eight years 5 time. Apparently external or climatic factors influence 
such characters much less readily than they do the chemical 
characters. 








































90 


Journal oj Agricultural Research 


Vol 33, No 1 


RELATION BETWEEN QUANTITY AND QUALITY OF OIL IN THE 
SELECTION EXPERIMENTS 

As has been stated, while the selection for high and low quality 
of oil was in progress, the amount or percentage of oil per plant was 
likewise determined. The figures thus obtained offer an excellent 
criterion by which to detect any relation between quantity and 
quality of oil. 




The average oil percentages for the eight years of selection work 
appear in Table 10 and are graphically presented in Figure 3. 

A glance at Figure 3 shows that there has not been a marked 
change in the average oil production per plant as the iodine numbers 
have increased or decreased. In both lines there is a very slight 
increase in oil percentage during the eight years. The average per¬ 
centage of oil in the high-line material during the last three years is 
approximately 16.8, while in that of the low line for the same period 
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it is approximately 15.4. In other words, there is a difference between 
the two lines of over 1 per cent. 

The exact differences in oil percentage are shown in Table 11. 
The original plants that served as the beginnings of the high and low 
selection lines happened to show a marked difference in amount of 
oil (17.7 — 14.2 = 3.5). This difference was not maintained during 
the early years of the experiment (1914-1916). But it is clearty 
evident "that as the high and low lines began to draw apart in iodine 
number (beginning in 1916 or 1917), this difference in percentage of 
oil again became manifest. It is certainly significant in the last 
three years of the experiment. 

Table 11. —Difference between the average percentages of oil in the high and low 

selection lines 


r 


Year 

Selection line | 1 Dlfrerenee 

Year 

Selection line ! ^eStage | Diflerence 

1913— 

1914- 

1015_ 

1916- 

ill!} 

Sis’.!) 

/High.— ' 15. l=b 2 \ « , o 

\Low.1 14 34-. 2 f •»=*=■«* 

/High.....I 16.2-fc 1 -i o . , 

\L0W.; 17. 5dc . 1 / - 1 - 8 - 1 

°- 3±GI 

1919 /High-, 1<- l=n * 1 jV, i 7_)_ i 

— \ Low . f I5.4i.lh 

1£nn [High.j 16. 7d= .l\ o , . ! 

; 1920 -— {low .> H.fcfc.1 1 / 21± 1 


The cause of the slight increase of oil percentage in both lines is 
difficult to explain. It may lie in the continued and unconscious selec¬ 
tion for better plants, especially those with larger seeds and better 
yields. At least the experiment indicates that one may select for 
iodine value without decreasing the percentage of oil in the soy bean. 

A verification of the above-noted relationship between percentage 
of oil and iodine number is afforded by a correlation study between 
these two characters. When the iodine values and percentages of 
oil are correlated the correlation coefficients do not indicate a notice¬ 
able relationship between these two characters. 

Table 12. —Correlations between percentage of oil and iodine number in soy beans 


From chemical analyses of— 


Progeny of original plant.. 

No. 17277..... 

No 17277—duplicate__ 

High-selection line. 

Low-selection line... 

High-selection line_ 

Low-selection line.__ 

High-selection line..... 

High—duplicate seed of high 1918. 

Low selection line.. 

High-selection line__ 

Low-selection line. 

High-selection line__ 

Low-selection line—._. 

Composite sample of high line.-.. 
Composite sample of low line. 


Year 
! grown 

Correlation 

coefficient 

l 1913 

1 

o 

1 

.16 

i 1913 


. 14db 

.09 

! 1914 

— 

.20=1= . 

.08 

, 1916 

+ 

.33± 

.09 

1916 

4- 

.1Q± 

.15 

1 1917 

— 

. 13=n 

.08 

1917 

— 

. 06d= 

.10 

1 1918 

+ 

.16i 

.09 

1 1919 


. 2ld= 

.13 

1 1918 

— 

.Oli 

.10 

1 1919 

+ 

. 17=1= 

.09 

1 1919 

+ 

.32=1= 

.05 

' 1920 

+ 

,12± 

.08 

! 1920 


42=1= 

.15 

! 1917-1920 

— 

. 13=b 

.04 

! 1917-1920 

— 

.27=b 

.05 
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Correlation coefficients were calculated for these chemical char¬ 
acters over a period of years. The high-line data were considered 
separately from the low line. Within the high line only the late 
tall type of plant was considered, since a close relationship between 
the plant type and the iodine value has already been proved. Hence, 
beginning in 1916, when the differentiation between the late tall 
and the early dwarf type was apparent, the high-line data include 
only the former. A summary of the correlation coefficients appears 
in Table 12. 

The striking fact in this table is the variability of the coefficients 
of correlation. In slightly more than half of the cases they, are 
negative, in the other half, positive. The same seed gives a positive 
correlation one season and a negative correlation another. In some 
of the years the correlations are statistically significant but of low 
degree. It is true that the number of observations in any one year is 
very limited, but with so many years 7 data it seems perfectly obvious 
that no constant relationship between iodine number and percentage 
of oil can be said to exist. An unweighted average of the negative 
coefficients gives a value of r = — 0.16, while a similar average of the 
positive coefficients is r — + 0.19. 

If one were permitted to average the entire list of correlations, the 
result would show none of any significant value. The fact that the 
data of both the high and the low line, when all the chemical analy¬ 
ses are grouped, show a negative correlation which might be statis¬ 
tically significant, means very little actually. Such a composite 
sample is affected more by the yearly relations of the chemical 
analyses to one another than by any inherent relation between the 
two correlated characters. This is but another indication that the 
climatic factors of the different seasons are extremely potent in their 
influence on the oil of the soy bean. 

Considering the fact that the trend of the percentage of oil was 
not apparently affected directly by the increased and decreased 
values of the iodine numbers as the years went on (fig. 3), together 
with the lack of consistent correlation between oil percentage and 
iodine number, it seems reasonable to conclude that these two 
characters are not very intimately related to each other. One can 
select for an increased quality of oil without decreasing the quantity 
of oil produced by the soy-bean plant. 

DISCUSSION 

From the results of this investigation it seems clear that any im¬ 
provement in the drying quality of soy-bean oil is not likely to come 
through continued selection in any one strain that has been purified 
by ordinary selection methods. There are two reasons for this. First, 
the ordinary variety or strain of soy bean is reasonably pure for its 
inherent oil characteristics. This is undoubtedly due to its method 
of self-pollination, which tends to isolate relatively pure (or homo¬ 
zygous) strains naturally, especially if the quality of the oil is cor¬ 
related with a definite morphological or physiological character. 
Second, the quality of the oil (because of the nature and percentage of 
the unsaturated fatty acids) is readily influenced by external condi¬ 
tions (nonheritable), which tend to obscure any small, heritable 
differences that might exist and might be used in selection. 
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Accordingly, the quickest method of determining the best types 
of soy beans in respect to oil quality is to analyze soy beans of as 
many different varieties or strains as possible, and to select the 
highest-analyzing strain which is adapted to a specific region and 
which has proved to be a good yielder. Judging from all known 
reports, it is doubtful whether the iodine value of the soy bean can be 
raised to an average of 140. It may be that the highest average value 
now known, which is 134 to 135, represents nearly the physiological 
limits of the soy-bean plant. It is true that occasional analyses 
show values as high as 141 to 143, which might indicate further 
possibilities of the plant, but this is doubtful. 

If selection methods are ineffective there remains the hope that 
hybridization may be effective in raising the iodine value. It is 
entirely reasonable to believe that by crossing two different vatieties, 
one might eventually combine in the progeny certain favorable 
factors for oil quality absent in one or the other parental varieties. 

As regards quality and quantity of oil, the experiments reported ins/ 
this paper give strong evidence that there is little or no interrelation. 

In other words, selection for high quality will not necessarily depress 
to any extent the quantity of oil produced by the plant. One may 
reasonably hope to isolate a high-quality variety that will yield not 
only a good amount of seed, but also a high percentage of oil. For 
example, the writers’ high-line strain, which shows an average iodine 
number of 133.7 (three-year average), is classed as a good yielder with 
an average percentage of oil of 16.9 (three-year average). 

As a result of these selection experiments certain general conclusions 
seem worthy of discussion. It was noted that the continued selection 
for high-quality oil produced a late-maturing strain, while the con¬ 
tinued selection for low-quality oil resulted in an early strain. Data 
on the critical time for the formation of the unsaturated acids that 
are responsible for the quality of the oil indicated a point very late in 
the life history of the plant—just preceding maturity. A possible 
deduction was made that, in view of the fact that a cool climate seems 
to favor an increase in the iodine number, the late strain was higher 
in quality because it entered the critical period for oil formation 
when the weather was cooler. The low-quality strain, being fully 
two weeks earlier, matured when the weather was warmer. 

If this situation proves to be a general phenomenon, it deserves 
considerable attention. The soy-bean oil industry at the present time 
is located in the Southern States, where cotton mills are used for 
expressing the oil. Obviously, this situation may not be the most 
efficient and economical one. Although the soy-bean oil industry is 
in a pioneer stage—at least as far as production is concerned—the 
huge amount of imported soy-bean oil indicates a vigorous growth of 
the market. According to a letter received in 1921 from the Bureau 
of Chemistry of the United States Department of Agriculture, “the 
larger part of the soy-bean oil used in this country is imported from 
the Orient. In comparison with the imported oil and beans, the 
amount of oil produced from domestic beans is practically negligible.” 
Chemical analyses prove that domestic oil is of as high quality as 
imported oil. 

The iodine value of oil, because of its intimate relation to the drying 
quality, is the most important standard by which to judge oils 
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intended for use in paints. In view of the variations in iodine num¬ 
ber noted in these investigations, it will be necessary ultimately to 
buy oil on the basis of a standard test for quality, just as milk is now 
judged by its butterfat content and not merely by its bulk. For a 
drier in paint manufacture it is absolutely essential that high quality 
of oil be uniformly present. 


SUMMARY 

Continuous selection both for high and low quality of oil within 
one variety of soy bean for seven years produced a high and a low 
line differing to a significant extent in their average iodine number. 
An average of the last three years’ data shows an iodine value of 133.7 
for the high line and 124.9 for the low line. This is interpreted as 
the result of the isolation of two different genotypes within the 
original variety rather than of any change in a pure line. 

The high line, selected entirely on the basis of chemical analyses, 
proved to be a late tall type with purple flowers, whereas the low line 
was early dwarf, and white-flowered. This was proof that the origi¬ 
nal commercial variety was neither a pure line for oil characteristics 
nor for season, growth habit, or even flower color. 

Indirect evidence and some experimental data offer the interesting 
deduction that high quality of soy-bean oil is intimately coiTelated 
with a certain lateness of maturity. It is inferred that late maturity 
(in Wisconsin) provides the more favorable conditions for the com¬ 
plete development of the unsaturated acids that are responsible for 
high quality of oil. 

Selection for high or low quality of oil proved to have no appreciable 
effect on the quantity or percentage of oil produced by the plant. 
This fact was verified by the lack of any consistent correlation between 
iodine number and percentage of oil. Correlation coefficients for 
these two characters taken over a period of years showed a high 
degree of variability but no consistent relationship. Such a situa¬ 
tion makes it possible to select for high quality without decreasing the 
percentage of oil. 

Large increases in the quality of soy-bean oil in any one variety by 
selection methods of breeding are not deemed possible^ 
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GROWTH OF FRUITING PARTS IN GOSSYPIUM CER- 
NUUM, AN ASIATIC COTTON 1 

By R. E. Beckett 

Principal Scientific Aid, Office of Cotton , Rubber, and Other Tropical Plants, 
Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Studies on the growth of the fruiting parts of several varieties of 
American upland cotton {Gossypium hirsutum) and on Pima Egyptian 
and sea-island cotton ( G . barbadense) have been reported in recent 
publications of the United States Department of Agriculture. 2 
Although comparisons were made under a rather wide range of 
conditions, only slight differences were found in the rate of growth 
of the fruiting parts of the two types. Since the Asiatic cottons 
are in many respects widely different from both upland and sea- 
island, it seemed worth while to extend the comparison to include 
one of these. 

Gossypium cernuum (Tod.), commonly known as Garo Hill or wool 
cotton, a native of India, is a species with so many divergent char¬ 
acters that differences in its habits of growth might reasonably be 
expected. Accordingly, a study of the growth of the fruiting parts 
of this species was begun at Greenville, Tex., in 1924. Data were 
recorded on the succession of fruiting branches, period of bud develop¬ 
ment, succession and growth measurements of floral buds, shedding 
of buds and young bolls, and growth measurements and maturation 
period of bolls. Comparable data were recorded for the Lone Star 
variety of upland cotton grown under the same conditions. 

While the results of these studies indicate that Garo Hill differs 
but little in its growth periods from the American upland varieties 
or the American Egyptian and the sea-island varieties, as previously 
reported, the data are of interest as a further contribution to the 
available information on the fruiting habits of the cotton plant in 
relation to production under boll-weevil conditions. Some of the 


1 Received for publication Sept. 1, 1926; issued August, 1927. 

2 Ballard, w. W., and Simpson, D, m. behavior of cotton planted at different dates in weevil- 
control EXPERIMENTS IN TEXAS AND SOUTH CAROLINA. U. S. Dept. AgT. Bui. 1320, 44 p., illllS. 1925. 

McNamara, H. C,, Hubbard, J. W., and Beckett, R. E. growth and development of cotton 
PLANTS AT GREENVILLE, TEX V. S. Dept. Agr. Circ. 401, 18 p. 1927. 

Martin R. D., Ballard, W. W., and Simpson, D. M. growth of fruiting parts in cotton plants. 
Jour. Agr. Research 25: 195-208, illus. 1923. 
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Asiatic cottons are adapted to short-season conditions, but the bolls 
are too small for economical picking by hand. The bolls of the Garo 
Hill are the largest of the Asiatic series, and are of a size comparable 
with small-boiled upland varieties. 

SUCCESSION OF FRUITING BRANCHES 

The appearance of the fruiting branches on the cotton plant has 
been described as follows: “The first indication of a new fruiting 
branch is the appearance of a minute triangular bud, commonly 
called a 'square/ deeply inclosed between the stipules of the primary 
leaf. The appearance of the square always precedes the develop¬ 
ment of the internode on which it is borne, and may therefore be 
considered as a definite indication of the formation of a fruiting 
branch.” 3 4 This criterion was used in recording the appearance of 
fruiting branches on Garo Hill. 

The interval between the appearance of successive fruiting branches 
on the main stalk was variable, ranging from 1 to 2 days early in the 
season, when the plants were making a rapid growth, to 8 or 9 days 
late in the season when plant growth was much slower. The mean 
interval was 2.31 ±.177 days. 


Table 1 . —Interval between the appearance of successive fruiting branches on Garo 
Htll y Lone Stary and Pima cotton 


Variety 

Locality 

1 Yeai 

Mean num¬ 
ber of dajs 
between 
appearance 
of succes¬ 
sive fruiting 
branches 

Garo Hill. 

Lone Star.. 

Pima____ 

1 

1 Greenville, Te\. 

i_do..... 

1 Saeaton, Anz.. 

i 

. 1 1924 

.- 1924 

.. 1921 

i 

2.31 db. 177 
2.84=fc 077 
2.81 db. 043 


From the figures presented in Table 1, it can be seen that the mean 
interval between the appearance of successive fruiting branches pi*o- 
duced on the mam stalk of Garo Hill was about one-half day shorter 
than that recorded on Lone Star and Pima, but the probable error of 
the difference shows that it is not significant. 

SUCCESSION OF FLORAL BUDS 

The date that each square appeared on the fruiting branch was 
recorded, and from these records it is possible to compute the number 
of days between the appearance of successive squares or buds on 
the fruiting branches. This interval was found to range from 3 to 12 
days, with a mean of 6.50±.167 days. Of the 196 cases recorded 
only 3 had an interval of less than 4 days and 8 over 10.days. There 
was no significant difference in this interval between Garo Hill and 
Lone Star or Pima. The mean number of days between the appear¬ 
ance of successive squares ^ on the fruiting branches of Garo Hill, 
Lone Star, and Pima are given in Table 2. 


3 Martin, R, D , Ballard, W. W , and Simpson, D. M. growth of fruiting parts in cotton 
plants. Jour. Agr. Research 25.195-208, lllus. 1923. 

4 The term “appearance of square'* is used to designate the tune when the triangular fruiting bud be¬ 
comes visible to the naked eye. 
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Table 2 . —Mean number of day* between the appearance of successive squares on 
the fruiting branches of Garo Hill , Lone Star , Pima cotton 


: Mean 

number 
of days 
, between 

Varetv Locality I Year ancTof 

| successive 

' i squaies on 

fruiting 
1 1 branches 


Garo Hill.. Greenville, Te\ ___ 1924 ' 6 50=fc 167 

Lone Star..-...do______ 1924 { 6 . 11 = 4 = 307 

Puna...... Sacaton, Ariz_ : 1921 I 6.35=fc.069 


A tendency was noted in Garo Hill for the interval between appear¬ 
ance of successive squares on the fruiting branches to lengthen when 
plant growth was retarded late in the growing season. This is in 
agreement with results reported on other species of cotton. 

GROWTH MEASUREMENTS OF FLORAL BUDS 


Daily growth of the floral buds was recorded by measuring the 
length from the base of the calyx to the corolla tip. The measure¬ 
ments were begun when the buds had been visible from 7 to 8 days, 
at which time they were 2 to 3 mm. There was a mean interval 
of IS days from the date of first measurement until bloom, with only 
10 deviations from the mean. The mean daily growth measurements 
of the floral buds on Garo Hill, together with those recorded on 
Lone Star in 1922, 5 are given in Table 3. 

Table 3 . —Mean length of floral buds of Garo Hill and Lone Star from 18 days to 

1 day preceding bloom 


Days preceding bloom 


Mean length of floral , 
buds of— 


Days preceding bloom 


Mean length of floral 
buds of— 


1 Garo Hill, 
1924 

Lone Star, 
1922 


! Garo Hill, 
1924 

i Lone Star, 
1922 


1 Mm. 

Mm. 


Mm. 

1 Mm. 

IS. 

.| 2 13 


9.. 

9.62 

' 9 67 

17. 

1 2 94 


s_ . _ 

. 1 10.47 

1 10.30 

16_ 

1 3 91 



. 11 34 

11 17 

1.5_ , 4. SI 

6 02 

6... 

_ 12 00 

12. 22 

14. 

0 72 

6 57 i 

r 5 _ 

.. 33 20 

13 10 

13. 

.! 6 48 

1 7 20 

1 ... 

.. 14 69 

14.28 

12. 

7.37 

7.62 

3 . 

16 15 

; 15.60 

11. 

. S 0.5 

S 36 

9 

—. 19 10 

17. 70 

10.. 

-.( S 78 

8 96 

1 3 __ 

_ 29 SO 

1 24.37 


From these data it can be seen that the elongation of the average 
Garo Hill floral bud for the first 13 days on which measurements were 
made was about 0.8 mm. per day. During the next three days the 
increase was approximately 1.3 mm. per day. The second day 
preceding bloom the average elongation was 2.93 mm The mean 
length of the floral bud on the day before bloom was 29.8 mm., or an 
increase of 10.7 mm. over the length on the second day before bloom. 


Martin, R. D., Baliard, W, W., and Simpson, D M. Op. cit. 
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This marked increase in the length of the floral bud on the day pre¬ 
ceding bloom is duo to the rapid enlargement of the corolla and 
inclosed staminal column. 

Fifteen days before blooming the Garo Hill floral buds were some¬ 
what smaller than those of Lone Star, but the daily increase in length 
was slightly more rapid than in Lone Star, so that by the ninth day 



Fig. 1 . Floral buds of Garo Hill cotton (Gossyphim cernuum ), Greenville, Tex 
tne size of the floral buds from 23 to 9 days preceding bloom. Natural’ 


, 1924, showing 
size 


preceding bloom the buds were nearly equal in length. On the 
second day previous to bloom the length of the average Garo Hill 
floral bud was 19.1 mm, and Lone Star was 17.7 mm. The day 
before flowering the Garo Hill buds increased 10.7 mm., and the 
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Lone Star buds 6.67 mm., so that the final mean lengths were 29.8 
for Garo Hill and 24.37 mm. for Lone Star. 

The daily growth of the floral bud of Garo Hill is illustrated in 



Fig. 2.—Floral buds of Garo Hill cotton (Goissypiiun cernuum ), Greenville, Tex., 1924, showing 
the size of the floral buds from eight days preceding bloom until bloom. X-& 

Figures 1 and 2, which together show the size of the floral bud and 
one bract daily for 23 days preceding bloom. Figure 3 shows the 
size at 3-day intervals. 
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PERIOD OF BUD DEVELOPMENT 

The date that each bud appeared and also the date that each bud 
flowered were recorded, and from these dates the square period 6 was 



3 r Fl0 J& b « ds eot t on (Gassy pium cernuum), Greenville, Tex., 1924, showing 

Natural size^ fl ° ml bUdS at three ' day m *ervals from 21 days preceding bloom until bloom 


determined. This period varied from 22 to 30 days, with a mean 
ox 25.64 days. Buds produced late in the season, when plant growth 

c The number of days from appearance of the bud until it flows is referred to as the “square period .’’ 
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had practically ceased, required a longer period than those produced 
earlier in the season. Only 4 of the 205 squares examined had a 
square period of 30 days, and 3 of these were on the topmost fruiting 
branches, while the fourth was on the outer node of a lower branch. 

The mean square period for Garo Hill was 25.64 ± .32 days, which 
was approximately the same as that recorded for Lone Star, namely, 
25.93 a: .10. The square period recorded for Pima in 1921 was 
30.11 ± .128. From these figures it is evident that the square period 
for Garo Hill and Lone Star was about 4.5 days less than for Pima. 

SHEDDING OF BUDS AND YOUNG BOLLS 

The interval from the appearance of buds to the date of shedding 
was very irregular both in Garo Hill and Lone Star, ranging from 2 
to 18 days, with a mean of 10.5it .669 days for Garo Hill and 8.28 ± 
.467 days for Lone Star. There was a tendency in both cottons for 
the buds produced early in the season to shed in fewer days than 
those produced late in the season. 

The number of days from flowering to shedding of bolls was very 
regular in Garo Hill, varying from 2 to 5, with a mean of 3.85, This 
period ranged from 1 to 11 days in Lone Star, with a mean of 6.10 days. 
These ranges are shown in Table 4, which gives the frequency distri¬ 
bution of the number of days from flowering to shedding of bolls for 
Garo Hill and Lone Star. 

Table 4 . —Frequency distributions of the number of days from floicering to shedding 
of bolls on Garo Hill and Lone Star in 19£4 


! Number of bolls shed fiom 1 to 11 clays after flowering, as indicated I _ _ 

Mean 


Variety 

1 

j 1 < 2 j; 3 1 4 ' a 

(i , 

7 ' • i 

-- --number 

U 10 11 oldays 

Garo HilL... 

J. 2 i 25 35 i 17 

_i.1 

:_i . 1 _ 1 3.85 

Lone Star .. 

1 ' 1 | 4 10 1 lo 

. il. 

i ; ! i 

20 18 | 11 

1 

j 4 ; 2 li 6.10 


The mean number of days from flowering to shedding of bolls was 
£.85 ±.059 days for Garo Hill. This was 2.26 ±.06 days less than 
recorded for Lone Star, which was 6.10±.01 days. Martin and 
Loomis 7 report that the mean persistence of shed bolls in Pima at 
Sacaton, Ariz., in 1920 was 10.8 days. This is about 7 days longer 
than that recorded for Garo Hill. 

Whether it is a normal occurrence for the Garo Hill bolls to shed 
so soon after flowering or whether it was due to traumatic causes 
has not yet been determined. All of the bolls shed from the Garo 
Hill plants studied were carefully examined for insect injuries, and 
only five of the total shed appeared to be injured. 

GROWTH MEASUREMENTS OF BOLLS 

Data on the growth of the bolls were obtained by measuring the 
length, beginning the second day after flowering and continuing 

7 Martin, R. D., and Loomis, H. F. summer irrigation op pima cotton. Jour. igr. Research23: 
927-946, lllus. 1923. 
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daily for 20 days, at which time the bolls had attained their maximum 
length. The following record is based on measurements obtained on 
176 bolls that reached maturity. The mean length of the bolls on 
the second day after flowering was 14.09 mm., and the mean daily 
increase in length was about 1.5 mm. for the next four days. There¬ 
after the growth rate was approximately 2.2 mm. per day until the 
bolls w r ere 12 days old and had reached a mean length of 33.55 mm. 
The rate of growth after this age was attained was considerably 
slower, the bolls reaching a mean length of 37.67 mm. eight days 
later, which wms an increase of only half a millimeter per day. 

The growth rate on the Garo Hill bolls was similar to that recorded 
on Lone Star bolls at Greenville, Tex., in 1922. 8 The daily growth 
measurements on Garo Hill bolls are shown in Table 5. 

Table 5. —Mean length of bolls of Garo Hill from 2 to 20 days after flowering 


Days after flowering 1 

Length of 
bolls 

Days after flowering 

Length of 
bolls 

2. 

Mm. 

14 09±0.178 
15.73±0.198 
17.18±0.292 
, 18.36rfc0.265 
! 20.57=tQ. 264 
23. OQrfcQ. 249 
, 24. o0±0.320 

1 27.15±0.295 
! 29.33±0.212 

1 31.65=fc0. 400 

12 ...i 

Mm. 

33.55d=0 276 
35.44d=0 255 
36 52rfc0.278 
37.05rfc0.247 
37.35±0.264 
37.51 ±0.356 
37.63dfc0.291 
37.67±0.306 
37.67=fc0.306 

3.... 

13. : 

4...... 

14...___■ 

5. 

15. 

6.. 

16..... 


17.... 

8____ 

18...... 

9___ 

19 . 

10.. . 

20... 

11____ 



The increase in size of the bolls is illustrated in Figure 4, which 
shows the size of the bolls every 5 days from bloom until 25 days 
after. 

MATURATION PERIOD OF BOLLS 

The period of maturation of Garo Hill bolls was found to vary 
from 39 days for bolls set early in August to 56 days for those set in 
September. The maturation period of bolls set at four 6-day periods 
from August 9 to September 1, is shown in Table 6. The lengthening 
of this period as the cotton plants reached their full growth was also 
found in Lone Star at Greenville, Tex., in 1924, which varied from 
37.2 days for bolls set early in July to 53.7 days for those set in 
August. King 9 reports that the maturation period of Pima bolls at 
Phoenix, Ariz., in 1919, varied from 54 days for bolls set in July to 80 
days for those set in September. 

Table 6. —Maturation period of bolls of Garo Hill set at four 6~day intervals 
from August 9 to September 1 , 1924 


Maturation period of bolls set— Days 

August 9-14_______40. 67 

August 15-20_______ 44 . 31 

August 21-26......50. 78 

August 27-September 1________52. 60 


8 Martin, R. D , Ballard, W. W., and Simpson, D. M. Op. cit. 

« Kino, C. J. water-stress behavior of pima cotton in Arizona. 17. S. Dept. Agr. Bui. 1018,24 p., 
Ulus. 1922. 
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The mean maturation period of all Garo Hill bolls set was 45.49 ± 
.271 days. This was 4.66 days longer than that recorded for Lone 
Star in"l924 and 22.51 days shorter than that recorded for Pima. 10 


Fig. 4.—Bolls of Garo Hill cotton (Gossupium cernuum ), Greenville, Tex., 1924, showing sizes 
of bolls at five-day intervals, from the flower to the adult size at 25 days. Natural size 

The mean maturation period of Garo Hill, Lone Star, and Pima is 
presented in Table 7. 


King, C. J. Op. cit. 
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Table 7. — maturation period of bolls of Garo Hill , Lcme *?£ar, am? Ptoza 


Variety 

! 

Locality 

Year 

Mean 
maturation 
pei lot! 

Garo Hill. 

Greenville Tev 

1924 

1924 

1919 

JJatfH 

45 49=b.271 
40 83d=. 178 
G8.00 

Lone Star,.... 

I_do - . 

Pima *... 

Phoenix., Am 




a King, C. J. Op eit 


SUMMARY 

The Garo Hill cotton (Gossypium cernuum) is one of the Asiatic 
series which is very remote in plant characters from the Egyptian 
and upland varieties grown in the United States, so that differences 
in habits of growth might be expected. Most of the Asiatic cottons 
are not adapted for cultivation in the United States on account of 
their very small bolls, but the Garo Hill has the largest bolls of any 
Asiatic type; nearly as large as those of the Texas big-boll cottons, 
as represented in this comparison by the Lone Star variety. 

The growth rates and sequence" in development of the fruiting 
parts of the Garo Hill cotton were determined at Greenville, Tex., 
by the same methods that were used on the Egyptian and upland 
types of cotton, and reported in previous publications. 

The interval between the appearance of successive fruiting branches 
on the main stalk is somewhat shorter in the Garo Hill cotton than 
m the other types, while the interval between successive squares on 
the branches is somewhat longer. The shedding of abortive bolls in 
Garo Hill occurred more promptly, within 3 to 5 days after flower¬ 
ing, while many abortive bolls of Lone Star were held for 6 to 8 days, 
and some from 9 to 11 days. The rate of growth of the buds and 
bolls was nearly the same in the Garo Hill cotton as in the other types. 
The maturation period ot bolls of the Garo Hill was somewhat longer 
than that of Lone btar, though the difference was slight and may not 
be significant. 

In the latter part of the season a lengthening of the maturation 
period of Garo Hill bolls was found, which also is in agreement with 
the behavior of the Lone Star and Pima varieties. Garo Hill bolls 
which were set early in August had a period 10 to 12 clays shorter 
than bolls set in September. 










THE BEHAVIOR OF THE ANTHOCYAN PIGMENTS IN 

CANNING 

By Charles W. Culpepper, Associate Physiologist, and Joseph S. Caldwell, 

Physiologist, Office of Horticulture, Bureau of Plant Industry, United Slates 

Department of Agriculture 1 

INTRODUCTION 

Many fresh fruits owe a considerable part of their attractiveness 
and consequent popularity to the bright red and purple colors of the 
anthocyan pigments present in the skin or flesh. It is desirable that 
the canned products made from these fruits retain the same brightness 
and freshness of color seen in the raw material. In the case of straw¬ 
berries, raspberries, and cherries the degree to which the canned 
product retains the brilliance of color of the fresh fruit largely deter¬ 
mines the desirability of a variety for canning purposes. 

Much difficulty is encountered in securing satisfactory preservation 
of the natural colors in these and in many other fruits when canned, 
especially when the canning is done in tin. As a means of preserving 
more of the original color, the canning industry has resorted to the 
use of cans specially prepared by coating the inside with a lacquer 
designed to prevent contact of the contents with the metal. While 
the lacquered can permits much better preservation of color, it has 
proved a serious disappointment in another respect, as rapid corro¬ 
sion of the metal occurs at breaks in the coating, and perforation of 
the can takes place much earlier than when plain tin is used. In 
consequence, the canner is forced to choose between placing heavily 
pigmented materials in plain tin, thereby losing in appearance but 
gaining in length of time over which the product may be held before 
consumption, or in lacquered cans, thereby gaining in appearance of 
the product but decreasing the time which will elapse before loss 
from perforation occurs. 

A rather careful search of the literature has failed to reveal any 
detailed studies of the behavior of the anthocyan pigments in the 
course of canning processes. Various authors have mentioned the 
fact that fading or partial destruction of these pigments occurs, but 
they have advanced no suggestions as to the causes for the changes. 
The fact that pink, violet, or purple discolorations sometimes occur 
in peaches, pears, and other fruits has also been noted, but no investi¬ 
gations of the causes of such discolorations appear to have been made. 
Various tentative explanations have been offered, among which over¬ 
processing is most frequently mentioned. Among other causes, the 
use of sunburned fruit (8)~ of fruit grown in very hot localities (10), 
permitting fruit to become overheated during shipment and before 
processing (&, 10), variety and degree of ripeness ( 6), and failure to 
cool promptly after processing {16), have been suggested. It has 
therefore been quite generally recognized that violet or pink dis¬ 
colorations are of occasional and sporadic occurrence in various 


1 Received for publication July 3.1926; issued August, 1927. 

2 Reference is made by number (italic) to “Literature cited,” p. 130. 
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canned fruits, but the reasons for such discoloi’ations are very im¬ 
perfectly understood, and it does not appear to have been_ suggested 
that the anthocyan pigments may stand in causal relationship to 
many cases of discoloration of this type. 

The very extensive investigations of the anthocyan pigments made 
by Willstatter and his students (34, 36, 37) have shown that a single 
pigment may exhibit colors ranging from red to violet according as 
it is present in the free condition or as a salt. These workers have 
presented considerable evidence to show that many of the anthocyans 
form complex salts with metals, resulting in alteration in color. 
Shibata, Shibata, and Kasiwagi (32) have shown that in a very large 
number of anthocyans extracted from the colored parts of plants the 
addition of a metal to the aqueous solution produces a shifting of the 
color toward the violet end of the spectrum, the degree of alteration 
in color depending upon the metal employed. With aluminum 
sulphate and stannous chloride the colors produced, regardless of the 
original color of the pigment solution, are described as violet-red, 
pink, indigo, or lilac. That is, the action of either of these metals 
resulted in the production of some degree of violet color as a conse¬ 
quence of partial or total conversion of the free pigment into the 
violet-colored metallic salt. Nikiforowsky (27) considers that the 
color reaction with aluminum chloride is a specific reaction for 
anthocyans which permits them to be distinguished from flavonols 
and tannins. It is therefore well established that anthocyans gen¬ 
erally, regardless of the color of the free pigment, react with many 
metals with an accompanying alteration of color toward the violet 
end of the spectrum. 

It will be shown in the present communication that the presence in 
the material of anthocyans which react with the metal of the can is 
responsible for the discolorations characteristic of many fruits when 
canned in tin, and that the reaction of the pigment with the metal of 
the can is also largely responsible for the corrosion and pei’foration 
so characteristic of many of the pigmented fruits. 

ANTHOCYAN PIGMENTS IN RELATION TO PINK OR PURPLE DIS¬ 
COLORATION 

In a number of fruits the anthocyan color is localized chiefly in the 
skin, and as a consequence of peeling is not usually present in the 
canned material. This is the case with the peach, the canned fruit 
usually showing no red or purple color. Any pink or violet discolora¬ 
tion which develops in the material subsequent to canning is therefore 
considered abnormal and often results in the discarding of the fruit 
as unwholesome and possibly poisonous. 

A rather general appearance of discoloration in peaches put up by 
home canning clubs occurred in 1924 over a limited area lying between 
Athens and Augusta, Ga. Nearly all peaches canned in tin developed 
some degree of color, ranging from light pink to deep purple* In 
consequence, canning in tin was suspended, the trouble being popu¬ 
larly attributed to some defect in the tin cans being used. 
t ^he situation was brought to the attention of the writers by 
L. v. Strasburger, a chemist representing one of the can-manufac¬ 
turing companies, who had spent several weeks in the territory in an 
attempt to find means of eliminating the difficulty, Strasburger 
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submitted a number of cans of material for examination, and de¬ 
scribed his experimental work in detail. He had employed a great 
variety of modifications in time and temperature of exhausting and 
of processing, in concentration of sirup used, and in degree of ripeness 
of fruit employed, but more or less purple discoloration was invariably 
present in ^ his experimental packs. Substitution of hand peeling 
for lye peeling gave no better results. Tin cans from several different 
makers were employed, some of which had been left from a supply 
used with satisfactory results in previous years. No differences 
were noted, however, in the material in the different cans, color 
appearing in all in about the same degree. In glass, the fruit was in 
every case a perfectly normal, clear yellow color. As this suggested 
that the discoloration was produced by tin, Strasburger processed 
fruit in glass jars to which metallic tin or stannous chloride had been 
added. Discoloration identical with that occurring in cans resulted. 
At this point, Strasburger presented the case to the writers, stating 
his conclusion that the discoloration was due to a reaction of some 
constituent of the fruit with the metal of the can, and asking their 
assistance in determining the exact nature of the trouble. A similar 
request was subsequently made by a number of canning club leaders 
and home demonstration agents. In consequence, the writers under¬ 
took to determine the class of compounds in the peach responsible 
for the trouble, subsequently expanding the work to include a con¬ 
siderable number of other fruits. 

EXAMINATION OF PEACHES IN 1924 

Material of the variety Belle of Georgia, canned by Strasburger at 
Athens, was subjected to careful examination upon its arrival at the 
laboratory. The riper pieces showed considerable bluish purple 
discoloration at the surface, and adhering bits of peel at the spray- 
burned tips were bluish in color. The firmer hard-green fruits were 
usually normal in color but occasionally were faintly violet. Pur¬ 
plish discoloration in some degree was evident in the stone cavity of 
almost every piece, but was much more pronounced in the riper 
fruits. The interior surfaces of the cans showed some corrosion 
but this was not excessive, being less than that found in standard 
commercial canned peaches purchased and opened for purposes of 
comparison. As it w T as noted that the discoloration apparently 
deepened in tint after the cans were opened, the fruit was emptied 
into shallow porcelain dishes and allowed to stand at room tem¬ 
perature overnight. The color was greatly intensified, the riper 
pieces becoming uniformly purple, while the liquid became so deeply 
purple as to appear almost black. 

This condition recalled an observation made earlier in the season. 
In the course of a visit to some of the canning plants in the vicinity 
of Fort Valley, Ga., the writers had examined samples of unpeeled 
pie peaches showing a somewhat similar discoloration. The fruit, 
which was somewhat underripe, was merely washed with warm 
water after stoning, packed in the cans, and given the usual processing 
treatment. When some of these cans were opened it was observed 
that the bright red color of the skins had faded to a dull purple or 
muddy violet, and that the liquid in the can was a cloudy purple. 
This was recognized as an alteration of the skin pigments, and led 
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the authors to suspect that the discoloration observed in the peeled 
fruit might be due to the same cause. 

Analyses made in the Bureau of Chemistry showed that the tin 
content of the discolored fruit, while somewhat in excess of that 
usually present in peaches examined so soon after packing, was not 
greater than that usually found in commercially canned peaches six 
to nine months after canning. Consumption of large amounts of 
the material by the writers showed that it was without harmful 
effects. 

Some experiments designed to test the hypothesis that the develop¬ 
ment of purple discoloration was due to alteration in the anthocyans 
of the fruit were made on August 29, 1924, employing Elberta 
peaches grown at Arlington Experiment Farm, Rosslyn, Va. 

The fruit was separated into two lots, one of which was soft ripe, 
the other in prime canning condition. The fruit was peeled by 
hand, packed in No. 2 plain tin cans, given a light exhaust, and 
processed 15 minutes at 100° C. A part of the material w T as packed 
with distilled water, a part with 30 per cent sirup, and a part with 
30 per cent sirup to which 1 per cent of sodium chloride had been 
added. All the material was normal in color when opened except 
for a very slight purpling in the stone cavity in the case of the riper 
fruits packed in water or in sirup to which salt had been added. 
No change in color occurred when the material was allowed to stand 
in air overnight. The peels and stones from the fruit were packed 
in cans separate^, water added, and processed exactly like the fruit. 
On opening, the peels showed different degrees of purpling corre¬ 
sponding to the degree of ripeness. The most intense color developed 
in peels from the ripest fruit, and the color became very intense on 
standing in air. The stones were intensely purple when the cans 
were opened. Additions of sodium hydroxide and ammonia in 
different amounts prior to canning decreased the discoloration of 
peels somewhat but did not wholly prevent it, and the material 
became deeply discolored on prolonged standing in air. Control lots 
of peeled fruits, peels, and stones were processed in glass. The 
fruit was normal yellow in color, the stones and liquid deep cherry 
red, while the color of the peels largely disappeared, the liquid 
becoming light red. 

A quantity of stones were cracked, the kernels removed, and 
kernels and broken bits of stone were added separately to cans of 
peeled peaches piior to processing. The fruit with kernels added 
was normal except for a slight cloudiness of the liquid; that with 
broken stones had a deep purple liquor and the pieces of fruit were 
dyed superficially with the color. 

_ These experiments pointed definitely to the red pigment as respon¬ 
sible for the discoloration, but indicated that contact with tin and 
subsequent exposure to air was necessary for its maximum develop¬ 
ment. They indicated also that the degree of discoloration depended 
directly upon the pigment content of the material. In consequence, 
some seedling fruit having a very intense red color extending from 
the skin into the flesh was employed for further work. Flesh, peels, 
and stones processed in tin showed considerably greater purpling at 
opening than did the Elbertas, and on standing overnight in air the 
flesh became a royal purple. 
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An aqueous extract of the pigment of the stones was made by 
heating a quantity of stones in water at 90° to 100° C. for 15 minutes. 
This yielded a deep wine-red solution. Heating with granular tin 
or adding dilute stannous chloride to this solution resulted in change 
of the color to very dark purple. Addition of citric acid to give a 
final concentration of 1 per cent preserved the red with very little 
change, and smaller amounts retarded the change in color to a degree 
proportional to the concentration. 

From these experiments it seemed clear that the anthocyans of the 
skin and stone were responsible for the discoloration, and, as the 
pigment of the peach has never been investigated, it appeared advis¬ 
able to make at least a partial purification of a quantity of it for a 
further study of its properties. 

SEPARATION OF THE PIGMENT 

About 3 kilograms of broken peach pits from which the kernels 
had been removed were extracted five times with glacial acetic acid. 
The extract was concentrated to small volume at 40° C. under 
greatly reduced pressure. The pigment was precipitated as a heavy 
sirup by the addition of about 10 volumes of ether, and the precipi¬ 
tate was washed several times with ether. It was then saturated with 
NaCl and extracted with butyl alcohol, repeated extraction being 
necessary to remove the bulk of the pigment. The butyl alcohol 
was washed several times with saturated NaCl, followed by three 
washings with a small amount of distilled water. The butyl alcohol 
was then concentrated under reduced pressure at 40° and the alcohol 
allowed to evaporate further at room temperature. The larger part 
of the pigment was precipitated from the butyl alcohol by the addi¬ 
tion of several volumes of ether, collected on a filter, washed 
repeatedly with ether, and dried over calcium oxide. No attempt 
was made to crystallize or further purify the bright red powder. Its 
solution in water was almost neutral and was deep red with a tinge 
of purple. When the solution was rendered faintly acid, the color 
became deep bright red. Ferric chloride in nearly neutral solution 
gave a bluish black color in dilute solutions and a bluish black pre¬ 
cipitate in greater concentrations. When the solution was made 
slightly acid, ferric chloride gave a purplish color, deepening to black. 
The absence of tannins, which would give a green color in acid solu¬ 
tion with ferric chloride, was therefore indicated. 

When the nearly neutral solution was heated with granular tin 
metal, slight darkening occurred, but there was no appreciable altera¬ 
tion of the red color. An acidified solution heated with metallic tin 
gave a deep purple color. With increase in the acidity of the solution 
the purpling decreased, practical^ no change occurring in strongly 
acid solution. When stannous chloride was added to a neutral solu¬ 
tion, a blue precipitate was obtained. If the solution was slightly 
acidified and stannous chloride added, it developed a purple color, 
and a purple precipitate was thrown down. With increasing degrees 
of acidity the- purpling decreased, strongly acid solutions remaining 
red with a faint tinge of purple. Aluminum chloride threw down a 
greenish blue precipitate from neutral solution; in slightly acid solu¬ 
tion no change in color occurred. Lead acetate gave a greenish blue 
coloration in neutral solutions, but was without apparent effect upon 



112 


Journal of Agricultural Research 


Vol. 35, No. 2 


a solution acidified with acetic acid. Zinc chloride gave a green color 
in neutral solution, which returned immediately to red when the 
solution was made slightly acid. 

From the results of this examination of the pigment it is apparent 
that the purple discoloration observed in peaches canned in tin is 
due to a reaction between the tin of the can and the anthocyan pig¬ 
ment present. It is possible that iron may be a contributing factor, 
as the pigment shows somewhat similar color reactions with salts of 
iron. The results also suggest that the acid relations are quite 
important, since the degree of acidity greatly modifies the intensity 
of the color. 

The explanation of the fact that discoloration of the canned prod¬ 
uct is occasional and sporadic in its appearance, lies in the fact that 
the amount of the pigment developed in the fruit is determined by 
climatic conditions, hence varies considerably from year to. year. 
In the district about Athens and Augusta, Ga., in which it was 
observed in 1924, the summer had been exceptionally hot and dry, 
with more than normal sunshine, and all varieties of peaches were 
unusually highly colored. In the Fort Valley district of Georgia 
the season of 1924 was close to normal in temperature and sunshine, 
and the commercial canners encountered little or no discoloration. 
The season of 1925 in the Fort Valley district was one of considerable 
excess of sunshine and rather high temperatures, and the fruit of 
all varieties showed exceptionally brilliant color. As a consequence, 
considerable violet or purple discoloration was observed in the com¬ 
mercial pack of several canneries in that district. It is clear that 
seasonal conditions determine the occurrence of the trouble by 
controlling the amount of anthocyan pigment developed in the 
fruit. 

EXPERIMENTS WITH OTHER FRUITS 

The work with the peach was considered as definitely establishing 
the fact that purple or violet discoloration of the canned product 
is due to a reaction of the anthocyan pigment of the fruit with the 
tin of the container. As somewhat similar discolorations had been 
observed by the writers in grape juices canned in tin, as well as in 
certain fruits, they were led to believe that the phenomenon might 
be of somewhat general occurrence in the more heavily pigmented 
fruits. In consequence, experiments were carried out with a con¬ 
siderable number of such fruits, including grapes, plums, red and 
black raspberries, blackberries, strawberries, cherries, mulberries, 
apples, fruits of Crataegus and Viburnum, Indian strawberries, and 
with beets and red cabbage. The results obtained with these mate¬ 
rials will be briefly described. In all cases such an amount of 
material was prepared as permitted examination a few days after 
canning and again after six to nine months’ storage. 

Grapes 

Uhland, a greenish yellow variety, was canned both in glass and 
tin. The two lots were indistinguishable in appearance when 
opened, both being a dull grayish green. No change occurred on 
standing in air. Catawba and Rogers No. 13, both of which are 
red varieties, placed in plain tin cans and processed without exhaust- 
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ing, were, respectively, deep reddish purple and faintly purple when 
opened. On standing 48 hours in porcelain dishes the color of the 
liquid from tin containers became intensely purple and the flesh 
of the berries was dyed by it. In glass jars the color was a faint 
clear red which did not alter on exposure to the air. Four black 
grapes—Cloeta, Eumelan, Worden, and an unidentified variety— 
differed only in the intensity of the deep purple color developed in 
tin. In glass all were purplish red or brownish red, but when the 
liquid was removed and diluted with water it was seen to be a clear 
red with no suggestion of purple. Berries and skins of the deeply 
pigmented varieties were separated and processed separately in glass 
and tin. The berries in glass and tin were the same grayish green. 
Skins processed in glass were a deep wine red and neither skins nor 
liquid changed color on exposure to air. A portion of the wine-red 
liquid, when heated after the addition of a strip of tin foil, became 
light purple and on cooling deepened to intense purple. Skins in 
tin cans were' a magnificient royal purple when opened, and the 
liquid drained from them, when added to the normally greenish gray 
pulps, stained them purple. When a few skins of one of the black 
varieties were added to a can of Uhland, the greenish yellow variety, 
before processing the fruit became a brownish purple. 

After standing in storage S to 10 months, plain tin cans containing 
red or black grapes were intensely corroded. In the grapes canned 
without separating pulp and skins, the skins had faded to a dull buff 
color, but the flesh of the berries was dyed purple from the surface 
inward and broken berries were colored purple throughout. The 
liquid was distinctly purple and quite milky in appearance, apparently 
from the presence of hydrous stannous oxide. On exposure to air 
the milkiness increased and the purpling of both fruit and liquid 
became very intense. 

The behavior of the grapes canned in tin is in many points identical 
with the disorder of wines known as blue casse. This condition is 
frequently encountered, especially by the French wine makers, in red 
or white wines which have been brought in contact with iron at some 
stage of the process of manufacture, usually in pressing. The 
trouble usually becomes apparent only after the wine is aerated, as in 
racking. In tjte case of a deep red wine, such as that made from 
Lenoir or other heavily pigmented grapes, the color gradually changes 
after racking through bluish red to dull violet, with a thin iridescent- 
film at the surface. Ultimately a blue-black precipitate settles out, 
leaving the wine more or less altered in color. In white wines, the 
color changes pass through grayish or leaden shades to dull brown or 
brownish black. There is an enormous literature upon blue casse 
which will not be reviewed here. The essential facts thus far devel¬ 
oped are that blue casse is the result of the presence of iron, either 
in the fruit or derived from the equipment employed in pressing and 
handling the juice, and that the iron combines with some constituent 
of the wine, subsequently producing abnormal color and going 
more or less completely out of solution upon exposme to air. It is 
significant that red and white wines, which may be made from the 
same variety of grapes, show differences in the colors developed. 
In the case of red wines, the fruit is crushed and fermentation is 
allowed to begin before pressing in order that a considerable part of 
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the pigment of the skins may be brought into solution. In white 
wines, heavily pigmented varieties may be employed, but the grapes 
are pressed cold immediately after crushing, in order that the pig¬ 
ments may not be carried into the wine. The differences in color 
of the red and white wines which develop casse may be due to the 
fact that in the red wines iron reacts chiefly with the pigment in 
solution, while in white wines the reaction is mainly with tannins. 

A somewhat similar condition has been noted by Donaucr (11) in 
the manufacture of Concord grape juice. He states: 

Concord grape juice is changed considerably in color by copper and copper 
alloys and nickel. The color is entirely destroyed by zinc or iron. Tin turns 
the color to a violet. Aluminum and its alloys or silver-plated metal are very 
satisfactory for such grape juice as far as its color is concerned. 

The writers have found that the juices of any deeply pigmented 
grapes such as Lenoir, Clevener, Concord, Clinton, and Eumelan, 
whether fresh or pasteurized, give immediate color reactions upon 
the addition of ferric chloride, stannous chloride, or aluminum 
chloride in the cold, or by heating with metallic iron or tin. Upon 
the addition of stannous chloride the color is immediately transformed 
to purple or violet, according as smaller or larger amounts of the 
chloride are added. When acid is added the color returns toward 
red, finally becoming indistinguishable from the original juice. 
With aluminum chloride the change of color is less pronounced and the 
amount of acid required to produce return of the original color is 
much less. Ferric chloride produces an intense purplish black 
coloration, but the original color returns if sufficient acid is added. 
It may be pointed out that an identical treatment is employed with 
red wines which have developed blue casse, as they are acidified with 
citric acid and aerated, which restores much of the original color. 
There can be little question that reaction of the anthocyans with 
metals is responsible alike for the alterations in color and unfermented 
juices, in pigment-containing wines, and in the entire fruits when the 
materials are permitted to come in contact with metal. 

AprLEs 

Three varieties of apples were employed. Two of these, Hyslop 
and Small Red Siberian, are crab apples having intensely red colora¬ 
tion in the peel with white or light yellow flesh. The third, 
Baxter, in addition to having a deep red skin has the flesh more or 
less colored by red streaks extending inward almost to the core line. 
Small Red Siberian was canned whole in tin and in glass. In glass the 
red pigment dissolved in the water and gave a reddish solution, the 
fruits becoming clear yellow. In tin both fruit and liquid were 
faintly purple and became intensely purple on standing, the staining 
effect of the liquid upon the flesh being especially pronounced. The 
fruits of Hyslop were peeled by hand, the peels themselves being 
canned separately. The peeled fruit showed no change in the light 
yellow color during processing or after opening and exposing to air; 
peels and liquid become quite purple during processing and were 
deeply colored after overnight exposure to the air. The red striping 
in the flesh of Baxter faded almost completely in the material canned 
in glass; in the material in tin it went over to a rather faint purple 
which had diffused into the surrounding flesh. After 24 hours' ex¬ 
posure to the air, the color deepened to a decided purple in both 
Jiauid and flesh. 
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Crataegus Berries 

Fruits of red haw processed 20 minutes in No. 2 cans had the color 
discharged, the fruits becoming bright yellow and the liquid very 
faintly red. On exposure to air the liquid became faintly reddish 
purple. In glass jars the fruit was yellow and the liquid clear, remain¬ 
ing unchanged after prolonged exposure to the air. 

Viburnum Berries 

Fruits of Viburnum sp. lost somewhat of their bright red color in 
processing and developed considerable purple on prolonged exposure 
to the air, but the development of the discoloration was much less 
rapid than in grapes, apples, or plums. Another sample of fruit 
which was greatly overmature and badly shrivelled, lost practically 
all color in processing and did not change to purple on standing. 

Plums 

Only one variety of plum, the Abundance, was used. The bright 
red-skinned fruits were canned whole. Both fruit and liquid were 
intensely purple when the cans were opened and the color deepened to 
purplish black, the change being more rapid than in any other of the 
various fruits tested. 

Raspberries 

Three varieties of raspberries were employed. These were the St. 
Regis, a variety having bright clear red fruits; the Cuthbert, a dark 
red; and an unnamed black variety closely resembling the wild 
black form. These were exhausted 2 minutes and processed 45 
minutes at 85° C. In glass the St. Regis retained its bright red color. 
In tin it was very similar in appearance to the samples in glass when 
first opened but on exposure to air the liquid developed a reddish 
purple color, and the fruits above the liquid became a very dark 
purple. 

The Cuthbert and the black variety were canned in both plain and 
enameled tin, with controls in glass. The Cuthbert in glass was a 
clear dark red. The fruit in enameled cans showed considerable 
fading of the original color and had a distinctly purplish tint when 
first opened. After exposure to the air it wenf over to a purplish red 
distinctly darker than that of the fruit in glass. The loss of color 
was much more pronounced in plain tin than in enameled cans, and 
there was more purple apparent on opening. On standing the color 
became dark purplish red like that of the enameled cans. 

The black raspberry underwent very little change in color in glass. 
In enameled tins the color was only slightly less good than in glass, 
but had a faint purple tinge. In plain tin the original color was 
largely replaced by deep purplish red. On standing in air the fruit 
from both enameled and plain tins became so intensely purple as to 
appear almost black. 
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Oregon Evergreen Blackberry 

The color in glass and in enameled tin was deep dark red, the latter 
having a purplish tinge which was not present in glass. This in¬ 
creased only very slightly after 24 hours in the air. In plain tin the 
original color was markedly faded and the liquid was purple and milky, 
probably from the presence of hydrous stannous oxide, as the metal 
was greatly etched. After standing overnight the liquid was purplish 
black, with milkiness still persisting. A similar condition was 
observed in strawberries, cherries, cranberries, raspberries, and mul¬ 
berries. 

Strawberries 

The variety of strawberry used was the Klondike, the treatment 
employed being a 2-minute exhaust and a process of 30 minutes at 
85° C. In glass and enameled tin the color faded to an unattractive 
brownish red, the fruit in cans having a purplish tinge not present 
in that in glass. In plain tin the color was a dirty brownish red and 
the liquid had a turbid, milky appearance, with slight purpling. Very 
little change in color occurred in fruit from either plain or enameled 
cans on standing overnight in shallow porcelain dishes. 

In connection with another study in the laboratory, the writers 
had canned small experimental packs of about 220 selections and 
strains of strawberries representing most of the commercial varieties. 
In this work both plain and enameled cans were employed. Exami¬ 
nation of this material eight months after its preparation shows a 
very wide range of behavior. The only generalization which appears 
to be justified is that the use of enameled cans in all cases contributes 
in some degree to preservation of the original color of the material. 
Varieties differ widely in their behavior. In some cases the original 
red color is replaced by varying shades of brown or brownish red, 
without suggestion of purpling either before or after exposure to the 
air. In other cases some degree of browning, varying from slight to 
extreme in the different varieties, was accompanied by discoloration 
which ranged from barely visible violet to intense purple, and which 
deepened more or less on contact with the air. In eveiy case material 
in plain tin showed more loss of the original red, more browning, and 
greater purpling, in cases where purpling occurred, than in enameled 
tins. 

Chebeies 

A number of varieties of cherry, so chosen as to include both sweet ‘ 
and sour and to give a considerable range in the amount of pigment 
in the fruit, were used. These included three varieties of sweet 
cherries (Prunus avium), Baumann May (Guigne de Mai), Napoleon 
(Royal Ann), and Meeker; three varieties of sour cherries (P. cerasus), 
Early Richmond, Montmorency, and St. Medard, and one hybrid 
between P. avium and P. cerasus, Nouvelle Royale. Each of these 
was preserved in both plain and enameled can's and in glass. The 
fruit was exhausted 2 minutes and processed 45 minutes at 85° C. 
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SWEET CHERRIES 

Meeker is a light red fruit of very low acidity, Napoleon is a yellow¬ 
skinned variety having a red blush, low in acidity. Baumann May 
was decaying badly and consequently was picked while underripe; 
the fruit used was heavily blushed with red and was quite acid. The 
three varieties behaved precisely alike in that all trace of red was 
lost in processing in glass, the fruit becoming a clear bright yellow. 
The fruit in both enameled and plain tin was likewise a clear yellow 
when 'opened, but developed a pinkish purple tinge in the liquid 
after standing overnight. There was a moderate degree of corro¬ 
sion in the plain tins after eight months’ standing in storage in the 
laboratory. 

SOUR CHERRIES 

Of the fruits of this type, Early Richmond was somewhat under¬ 
ripe; hence was lighter in color and higher in acidity than the others. 
Montmorency was a deeper red and less acid, St, Medard was a 
uniform dark red from skin to stone and was only mildly acid. In 
all three the fruit processed in glass lost somewhat in brightness of 
color through diffusion of the pigments into the water, but the color 
was a clear red proportional in intensity to that of the fresh fruit 
and there was no pink or violet tint. In enameled cans after eight 
months’ storage there was more intense color in all varieties than in 
glass, but there was considerable purpling in St. Medard. In plain 
tin, the fruit of all the varieties showed pronounced fading after 8 
months. The liquid was a faint pinkish red with decided milkiness 
in Montmorency and Early Richmond and purplish red in St. Medard. 
After standing overnight in porcelain dishes both liquid and fruit 
were decidedly purple in all cases, intensely so in St. Medard. The 
contrast between the fruit in plain and that in enameled cans was 
very striking. Very slight purpling occurred in Montmorency and 
Early Richmond from enameled cans, although there was consider¬ 
able in St. Medard. Two cans of Montmorency, one in plain and 
one in enameled tin, which were sealed and processed without pre¬ 
vious exhausting, showed considerably more discoloration than the 
corresponding exhausted cans, while the unexhausted plain tin can 
had greater milkiness than the exhausted plain tin. 

The hybrid cherry, Nouvelle Royale, was not fully ripe; hence was 
lighter in color and more acid than is typical of this variety. Fruit 
in glass faded to a faint pink, that in plain tin became almost color¬ 
less. Enameled cans preserved much more of the color than did 
glass. There was a faint purpling in plain tin after standing over¬ 
night and an almost imperceptible deepening of the color in the 
material from enameled cans. 

Mulberries 

Three strains of mulberries selected by the late Walter Van Fleet 
were employed. They differed very little in color, acidity, or physical 
character. Their behavior in canning was identical. The color in 
glass after eight months’ storage was a deep, dark red, very little, 
if at all, different from the fresh fruit. In enameled tin the color 
was very well preserved but slight purpling was present. In plain 
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tin the color was a deep bluish purple in both fruit and liquid and the 
cans were heavily corroded. After overnight exposure to ah there 
was very little change in the material from enameled cans, but that 
from plain tin had become intensely bluish purple. The effect of 
enameled cans in preserving the original color of the fruit was no¬ 
where more strikingly evident than in the mulberry. 

Indian Strawberry 

The Indian strawberry (.Duchesnea indica) is bright scarlet in 
color, the pigment being confined to the surface of the fruit. Color 
is entirely lost during processing, both in glass and tin, the fruit 
becoming a dingy reddish brown, which does not change on opening 
and aeration. 

Purple Cabbage 

In glass, the pigment of purple cabbage is largely extracted by the 
water, forming a beautiful, clear wine-red solution and leaving the 
tissue faintly red. In plain tin both cabbage and liquid were reddish 
purple, which became more intense on opening. After 17 months' 
storage material in glass had not changed materially, while that in 
tin had become light brown, about the color of ordinary cooked 
cabbage, and the entire inner surface of the can was deep purple to 
purplish black in color, due in part to sulphide blackening and in 
part to precipitation of the purple pigment. 

Beets 

Considerable fading of color, but no purpling, occurs in beets both 
in glass and tin. No suggestion of purpling is evident on heating 
fresh beet with stannous chloride, but if sufficient alkali to neutralize 
be added and the material heated with stannous chloride, a bluish- 
purple color appears and is followed by the throwing down of a 
purplish-black precipitate. 

Cranberry 

In cranberries canned in water, the liquid and the fruit became a 
clear deep red. Fruit in enameled cans differed very little from that 
in glass, but there was a slight purpling on occasional berries and a 
faint purple tinge in the liquid. After standing over night there was 
slight deepening of the purple tint in both berries and liquid. In 
plain tin there was very marked shifting of color from red to purple 
when the cans were opened four days after processing, and the color 
began to deepen immediately upon exposure to ah', becoming pro¬ 
nouncedly purple overnight. The broken berries browned consid¬ 
erably as a result of oxidation of tannin when the fruit was emptied 
in to. a dish, and as a consequence the color of the fruit after exposure 
to air was blackish purple, the surrounding liquid being dark purple. 

Summary op Results 

The results of these experiments with various fruits show that the 
appearance of different shades of pink, violet, or pimple during proc¬ 
essing in tin cans, followed by intensification of the purple color upon 
exposure to air, occurs in a wide variety of fruits having red or 
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black-red anthocyan pigments present in skin or flesh. In no case 
does such discoloration occur in fruits known to be free of anthocyans, 
or in the colorless portions of anthocyan-containing fruits. In con¬ 
sequence, the appearance of some degree of alteration toward purple 
when the material is brought in contact with tin -would appear to 
be a general and characteristic reaction of the anthocyan pigments, 
which will be encountered in canning or other manufacturing processes 
which involve contact of the material with tin. 

When anthocyan-containing material which has been canned in 
plain tin is stored for six to nine months, the color upon opening is 
decidedly bleached as compared w r ith like material opened a few 
days after canning. Material opened shortly after canning becomes 
strongly purple when exposed to the air for a few hours; that which 
has been canned for some months and which, consequently, has 
become bleached or faded, undergoes a return of the color toward 
that present immediately after processing, but this is accompanied 
by more intense purpling than occurs in material opened just after 
canning. 

Kohman has stated that anthocyans are bleached with the tin of 
plain tin cans, but that the original color can be restored by exposure 
to the air (IS). It must be said that the writers have found in this 
w T ork that the color wilich develops on exposure to air is not the same 
as that originally present in the fresh fruit or that present in the 
material after processing in glass, but that there is a distinctly deeper 
color, due to the presence therein of more or less violet, converting 
the original clear red to purple. While in very acid fruits the altera¬ 
tion is less marked than in those of low acidity, it is usually sufficiently 
great to be observed when the container is opened, and can scarcely 
be overlooked after the material has remained a few hours in contact 
with the air. 

CHEMISTRY OF THE ANTHOCYANS AS RELATED TO THEIR BEHAVIOR IN CANNING 

In order to secure more information as to the mechanism of the 
discoloration, aqueous extracts of the various fruits employed in the 
experiments just described were prepared by boiling a quantity of 
the fruit with w T ater, expressing and filtering the liquid, dividing 
into portions, and modifying the hydrogen-ion concentration by 
graduated additions of citric acid or sodium hydroxide. The degree 
of color change produced by treatment of the unaltered juice with 
stannous chloride, ferric chloride, and aluminum chloride could read¬ 
ily be compared with the effect of similar treatments upon the same 
extract after addition of acid or alkali. 

The Grape 

The pigments of the grape have received considerable attention. 
Willstatter and Zollinger (39, 1+1) have examined varieties of Vitis 
vinifem , and Anderson (1, 2) and Anderson and Nahenhauer (5, 4) 
have studied varieties representing V. lahrusca , hybrids of labrusca 
wdth aestivalis and vulpina, and a hybrid containing strains of vinif¬ 
em, aestivalis, and. rupestris. The results of these investigators 
show that the pigments present in these varieties, representing most 
of the species from which cultivated grapes have been dexived, are 
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members of the delphinidin group, being either oenin (delphinidin 
dimethyl ether) or derivatives closely resembling oenin. 

Of the seven varieties of grapes employed by the writers, the 
greenish yellow variety Uhland appears to contain no anthocyan 
pigment, as no violet or purple color developed when aqueous ex¬ 
tracts were treated with stannous chloride, either with or without 
modification of the hydrogen-ion concentration. Extracts of the 
two red and four black varieties examined 3 differed only in the 
intensity of the color developed. Extracts of the red varieties be¬ 
came faintly purple, those of black varieties deeply purple. The 
color developed in partially neutralized extracts was in all cases 
much more intensely purple. In acidified extracts the change 
became less and less marked with increasing acidity. It is to be 
expected that members of the delphinidin group of the anthocyans 
will show the color reaction here described, wherever they may be 
found. 

The Cheery 

Keracyanin, the coloring matter of the sweet cherry, Prunus 
avium , has been studied in a preliminary way by Willstatter and 
Zollinger. Its properties in so far as known appear to identify it 
with the cyanidin group of anthocyans ( 40 ). It appears to be partially 
converted into colorless form by heat, whether in presence or absence 
of tin metal or salts. 

Aqueous extracts of both sweet and sour varieties of cherries w r ere 
tested with stannous chloride, aluminum chloride, and. ferric chloride. 
The purpling with stannous chloride or aluminum chloride and the 
blackening with ferric chloride were very intense in the extracts of the 
deeply pigmented sweet varieties, slight to moderate in those of the 
sour varieties. That the color change in the sour varieties is inhibited 
by the acidity of the extract is shown by the intense purple developed 
after partial neutralization. Upon the gradual addition of acid, the 
purple color developed with tin or aluminum or the blackening pro¬ 
duced by iron progressively lessened, and sufficient acid restored the 
original clear wine red. As in other cases, the alternate addition 
of acid and alkali, with the resulting shift of color, might be con¬ 
tinued indefinitely. 

The Raspberry 


The pigment of the raspberry has been assigned by Willstatter 
and Bolton (35), o n the basis of qualitative reactions, to the cyani¬ 
din group. Their only statement with respect to it is, “Audi die 
Himbeere und die Frucht der Eberesclie (Vogelbeere) enthalt ein Cy- 
anidinglucosid/’ no report of the tests being made. In its behavior 
with tin the pigment resembles those of other cyanin-containing 
fruits. Aqueous extracts of fresh raspberries, as well as juices from 
fruits preserved for one year by processing in glass, were examined. 
Addition of aluminum chloride produced no change in color. With 
stannous chloride there was slight purpling. On the addition of an 
alkali, the juice to which no metal had been added became greenish 


„ ls . a ^/ br L d Z ms V lth V ' riparia. The two red varieties, Rogers No. 13 and Catawba 

0f % blaek varieties, Wor den is pure labrusca, Eumelan a labrusca-vinifera- 
J-M£ I ta a hn f ecu fn-riipesiris-labrusca-i tmfera hybrid, while the parentage of the unidenti¬ 
fied \anet}, which was employed by mistake for a named variety, is unkn own 
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black; th,_ to which aluminum chloride had been added became 
distinctly purple; that with stannous chloride very deeply purple. 
By adding the alkali drop by drop, the color in the presence of either 
metal undergoes a progressive change from red with a barely per¬ 
ceptible tinge of violet on the addition of the first drop to intense 
purple as the neutral point is reached. When acid is added the 
original color, whether in presence or absence of metal, returns. 
By alternately adding acid and alkali the shift of color may be pro¬ 
duced at will. This behavior is characteristic of both cyanin and 
delphinidin pigments encountered in this work. It would appear 
from the writer’s observations that in order to secure the character¬ 
istic color reactions with metals, the acidity of the solution must be 
somewhat less in the case of eyanins than is necessary with del- 
phinidins. 

The Cranberry 

The cranberry contains a cyanin pigment, idaein, which is a 
monogalactoside of cyanin (88). The juice of freshly cooked cran¬ 
berries was found by the writers to give no change in color when 
stannous chloride or aluminum chloride was added. On bringing 
the juice.nearly to neutrality either of these reagents produces a 
faint purpling followed by the deposition of a purple precipitate. 
Iron chloride produces little or no change in the freshly cooked 
juice, but on partial neutralization a brownish black color develops 
after a few minutes standing in air. 

The Beet 

Betanin, the pigment of the red beet, has been isolated by Schudel 
(31), who found it to be unique among anthocyan pigments in that 
the glucoside contained nitrogen to the extent of 8.6 per cent. It 
consequently appears that it does not belong to any one of the 
three groups of anthocyan pigments thus far established. This is 
significant, since very little alteration in the quality of the color was 
observed in the canning tests. The pigment apparently undergoes 
partial destruction or conversion to colorless form on heating, as 
considerable decrease in intensity of color occurs both in glass and 
tin. It does not show any purplish discoloration with metallic 
tin or stannous chloride after'heating and exposure to the : air. If 
fresh beets are sliced and cooked in presence of granular tin, the color 
is identical with that of controls cooked in distilled water. If cooked 
with granular tin and a little acetic acid, there is pronounced fading 
of color, and purpling at the surface of the liquid accompanied by 
formation of an iridescent film occurs on 48 hours’ standing. If 
stannous chloride is added to the cooked beets and the solution is 
then neutralized, purple color develops, and a purplish black precipi¬ 
tate is thrown down from a faintly purple solution. The behavior 
of the pigment of beet with tin differs markedly from that of the 
pigment of the sweet cherry and of the grape. 

The anthocyans of the other species included in this study have 
not been sufficiently studied with respect to their chemical com¬ 
position to make it certain whether all of them are derivatives of 
pelargonidin, cyanidin, and delphinidin, singly or in mixture, or 
whether some of them are derivatives of yet other fundamental com- 
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pounds. Detailed chemical investigation will be required to deter¬ 
mine the nature of the pigment or pigments present in each case, 
since qualitative tests upon the crude pigments do not warrant the 
drawing of conclusions as to their chemical affinities, as Onslow {28) 
and Perkin and Everest (£9) have pointed out. 

The Strawberry 

The strawberry material examined included more than 200 selec¬ 
tions and strains representing a large number of varieties, and was of 
very widely differing character with respect to degree of acidity and 
amount of pigmentation. There was, consequently, no uniformity 
in behavior of the material canned in tin, as has already been stated. 
Material of Portia, a rather deeply colored berry, was employed in 
the tests of aqueous extracts with metals. It showed the same general 
behavior with respect to aluminum chloride, stannous chloride, and 
ferric chloride as the sour cherries. Addition of alkali intensified the 
purple color; addition of acid resulted in return to the original red. 
Material of Howard, a variety which contains a relatively small 
amount of pigment, was also employed. This berry faded in proc¬ 
essing, even in glass, to dull brownish red. Juice of such material 
gave inconclusive results with stannous chloride and ^ aluminum 
chloride, only a very faint purpling occurring with the former and 
none with the latter. The addition of acid caused the disappearance 
of the purple produced by tin salts, but the solution remained a dull 
brownish red with no intensification of the red. It is known from the 
work of Willstatter and his pupils that many anthocyans readily 
isomerize to colorless forms. It is also known that the presence of 
acids depresses or prevents the formation of the metallic compounds. 
In strawberries with a small amount of pigment and considerable 
acidity, isomerization, together with the browning of the tannins 
and the effects of the acid present, may be responsible for the differ¬ 
ence in behavior from deeply pigmented forms, both in the can and in 
the presence of salts of tin and aluminum. The facts observed do not 
warrant the formation of an opinion as to the class of anthocyan 
pigments to which the color or colors of the strawberry belong. 

Other Materials 

In the other materials employed the color developed in tin was 
pink, pinkish red, purplish red, or purple, and in all cases intensifica¬ 
tion of the purple hue occurred when the material was left exposed 
to the air. The degree of alteration of color was in many cases 
clearly dependent upon the amount of pigment originally present 
in the fruit, faintly colored fruits giving faint pinks which deepened 
slowly to purple, as in the case of viburnum berries or light-red sour 
cherries. In Crataegus berries, the pigment is confined to the 
epidermal layers and is small in amount, and it is not clear whether 
the very slight purpling observed is due to partial destruction or 
decolorization of the pigment or merely to its small amount. 

In the plum, raspberry, blackberry, mulberry, and red cabbage, 
the degree of alteration of color developed appears to be determined 
by the amount of pigment, but the resulting color is in every case 
some shade of purple. It ranges from rose red in the cranberry to a 
nearly pure violet in the mulberry, exposure to the air resulting in all 
cases in the intensification of the purple hue. With stannous chloride 
and aluminum chloride the same changes in color as described for 
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grapes, peaches, and cherries were observed, and when acid and alkali 
were added the behavior was similar to that in these fruits. 

It seems clear that pigments belonging to both the delphinidin and 
cyaninidin groups show the same general behavior in tin, and their 
aqueous solutions show color reactions of the same general character 
when treated with tin and aluminum salts, namely, a shifting of color 
toward violet with alkali and a return to red with acid. Minor 
differences in behavior have been noted. It is possible that there are 
differences in the readiness with which the reaction takes place, 
depending upon whether a eyanidin or a delphinidin pigment is con¬ 
cerned. There may also be differences between members of the same 
group depending upon the state of the pigment, whether free or exist¬ 
ing as mono- or di-glucoside. In so far as the pigments of the fruits 
here dealt with are known, nothing has been observed which can be 
considered as a specific reaction for any particular pigment, or for 
any one of the various forms of combination in which the pigment is 
known to exist. The pigment of the red beet is an exception, its 
behavior differing markedly from that of the other materials 
examined. 

The behavior of the anthocyan pigments of fruits and vegetables 
when canned in tin is in complete agreement with the results of 
Shibata, Shibata, and Ivasiwagi (82). The writers have foimd that 
the effect of heating anthocyan-containing materials in a container 
having a coating of metallic tin, or in glass in presence of metallic 
tin, tin salts, or aluminum salts, is to produce some degree of modi¬ 
fication of the original color toward purple in the case of every 
material tested, with the exception of those cases in which the pig¬ 
ment is totally converted to colorless form under heat. If the 
effect of the combination of anthocyans with metals is to bring 
about a shift of color toward the violet end of the spectrum, regardless 
of the chemical constitution of the particular pigment concerned, 
the uniformity of behavior observed in a variety of fruits having 
pigments of unknown chemical structure is readily understood. 

METHODS OF PREVENTING OR MINIMIZING THE ALTERATION OF ANTHOCYAN 

PIGMENTS IN CANNING 

The difficulty encountered in securing satisfactory preservation 
of color in many materials when canned in plain tin has led to 
the introduction and extensive use of the inside enameled or lacquered 
can. George W. Cobb (9) states that this type of can, originally 
developed in Europe for the canning of certain meats and fish, was 
first employed for colored fruits in America in 1902 and that its use 
for red fruits and beets had become quite general by 1905. Bitting 
in 1912 (7) recommended its use for raspberries, cherries, plums, 
beets, pumpkin, and hominy. Such texts as those of Cruess (10), 
Zavalla (4-2), and Powell (80) recommend the use of the enameled 
can for acid or highly colored products. Merriman (24) has dis¬ 
cussed the origin and chemical composition of various lacquering 
materials and has pointed out the limitations of their usefulness. 

Concurrently with the introduction and adoption of the enameled 
can the canning industry has sought to continue the use of the less 
expensive plain tin can for some of the colored fruits by selecting 
for canning purposes the more deeply pigmented varieties or strains, 
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in the hope that a satisfactory degree of the original, color might 
be retained when the material was preserved in plain tin. The 
results have been in part successful, in that a number of varieties of 
these fruits at present employed by canners can be put up in plain 
tin with a degree of preservation of color which makes them accept¬ 
able to consumers. In another respect the results have been dis¬ 
appointing. In the case of many fruits, the employment of the 
more heavily pigmented varieties of fruits results in more rapid gen¬ 
eralized corrosion of the plain tin can or in more rapid pinholing of the 
enameled can than was encountered in the case of less deeply colored 
varieties of the same fruits. Attempts to increase the resistance 
of the can by modifications of the composition and methods of 
manufacture of the tin plate have been less fruitful than was hoped 
for (6, 12-15, 25-26). In consecpience, the problem of corrosion 
and perforation is at present a more serious one than at any time 
in the history of the canning industry. 

In the experiments here described, as well as in 'Anany others 
carried out in this laboratory in the past six or seven years, the 
anthocyan colors have in all cases been somewhat better preserved 
in enameled cans than in plain tin. In a few fruits, such as cran¬ 
berries, the improvement due to the use of enameled containers, 
although distinct, is markedly less than in most materials. Even 
in the best enameled cans there is in all materials more loss of color 
than occurs in glass. Material canned in plain tin and opened a 
few days after processing shows considerable purpling and a milki¬ 
ness of the liquid, neither of which is apparent in enameled cans of 
the same material opened after a like interval. When storage for 
six to nine months precedes the examination, considerable fading 
of the color is apparent in enameled cans, but is very much more 
pronounced in plain tin. On exposure to the air the material from 
plain tins undergoes marked intensification of color, finally approxi¬ 
mating the purple tint observed on opening soon after processing. 
In enameled cans, some purpling occurs, but its amount is directly 
proportional to the area of metal exposed by imperfections in the 
lacquer. 

ANTHOCYAN PIGMENTS IN RELATION TO CORROSION AND 

PERFORATION 

The experience of canners with the various types of enameled cans 
and with plain tin as containers for the highly colored fruits and 
vegetables has led to recognition of the fact that the use of either 
involves difficulty. In the plain tin there is generalized corrosion 
of the inner surface with attendant loss of color on the part of the 
contents. In enameled cans there is better preservation of colot* 
but corrosion is localized at imperfections in the enamel, with the 
result that pinholing occurs in a relatively short time. In discuss¬ 
ing this situation Baker ( 5) lists a number of fruits and vegetables 
which present especial difficulty. At the head of the list he places 
blackberries with strawberries next. The packing of these products 
he characterizes as gambling, not as a business. Rhubarb, blue¬ 
berries, cranberries, black and red raspberries, loganberries, and 
blackberries are listed in the order of decreasing difficulty from the 
standpoint of perforation of cans. Baker recommends that those 
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which are sufficiently deeply colored to endure the resulting loss of 
color, such as blueberries, cranberries, and black raspberries, be 
placed in plain tin to prolong the period prior to perforation. Others 
which are not so heavily pigmented may be placed in enameled 
cans to preserve the color and considered as perishable goods by 
reason of the certainty that perforation will sooner or later occur. 
In making this recommendation of the use of plain tin for materials 
of this character Baker has left entirely out of account one very 
important consideration, namely, that the continued action of the 
material upon the surface of the plain tin may result in such an 
extensive absorption of tin by the contents that the wholesomeness 
of the material will become questionable. 

In the experiments with the pigments of various fruits described 
in the preceding section, it became evident that the acidity of the 
solution was a very important factor in determining the amount of 
change in color produced by the addition of metal. In highly acid 
solutions there is little color change for the reason that the formation 
.of the metallic salt of anthocyan is depressed or inhibited. It might 
be inferred from this observation that in highly colored fruits, those 
of higher acidity would exert less corrosive effect upon the metal 
of the can than those of low acidity. For the purpose of studying 
the action of some of the anthocyan-containing fruits upon the 
container in relation to such factors as acidity, tannin content, and 
oxygen content, experimental packs of all the fruits examined with 
respect to behavior of their pigments with metals, together with a 
number of the nonpigmented materials, were canned in both plain 
and enameled cans. A part of the material was exhausted prior to 
sealing, a part sealed without exhaust. The cans were then stored for 
a comparative study of the amount of corrosion. A part of the 
material was opened at the end of six months, a part at the end of 
nine months, and the remainder was held for observation as to per¬ 
foration. The study of this material brings out a number of facts in 
regard to the factors affecting rate of corrosion in pigmented fruits. 

A comparison of exhausted and unexhausted cans six to nine 
months after canning shows very clearly that oxygen content is an 
important factor in promoting corrosion. In every case, regardless 
of the pigment content or of the acid content of the material, the 
cans which had not been exhausted showed more extensive corrosion 
than did the exhausted controls. This is in agreement with the work 
of Kohman and others. The results indicate also that the presence 
of oxygen, as in unexhausted cans, may in certain instances lessen 
the production of free hydrogen. They indicate also that the presence 
of oxygen, together with anthocyan, greatly accelerates corrosion; 
that is, the effect of the two factors is additive. 

The results with pigmented fruits show considerable evidence that 
corrosion of the can is materially decreased by the presence of high 
acidity in the material. The highly acid cranberry attacks the metal 
of the can much less extensively than do sweet cherries, blueberries, 
mulberries, strawberries, and black raspberries, all of which are 
much lower in acidity. The highly acid Oregon Evergreen black¬ 
berry does not attack the can as vigorously as does the black rasp¬ 
berry. Whether acid content is the sole factor responsible for the 
marked differences observed in these cases can not be stated defi- 
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nitely, but certainly it is a factor. Oregon Evergreen blackberries 
and Logan blackberries combine high acidity and heavy pigmenta¬ 
tion, but do not attack the cans to the extent that would be expected 
if the corrosive effect of these two factors were additive. _ In the 
cases just cited, and in a number of others encountered in this work, 
high acidity to a very considerable extent nullifies the corrosive 
action of the pigment, despite the fact that high acidity is itself a 
factor which increases corrosion. Rhubarb, for example, produces 
intense corrosion of the cans in which its acidity is an important 
factor. In those materials which are highly pigmented and at the 
same time highly acid, the acid depresses the formation of metallic 
salts of the pigment and thus decreases the rate and extent of the 
solution of metal. A considerable number of facts long on record 
in the literature without accompanying explanation become intelli¬ 
gible in the light of the experiments here described. 

Studies carried out by Leach (23, p. 623-625) long since brought 
out the interesting fact that canned blueberries, having an acidity 
approximating one-twentieth normal, dissolved and carried into 
solution several times as much tin in a given time as strawberries or 
raspberries having twice the titratable acidity. Leach also tested 
various concentrations of malic, citric, and tartaric acids for their 
ability to dissolve tin from tin plate, finding that the pure tenth- 
normal acids dissolved only about one-tenth as much tin as did 
blueberries of one-half the acidity in equivalent time. The action of 
the pure acid ceased after about three months, no more tin being 
dissolved after nine months additional exposure. No such stoppage 
of action occurred in blueberries, which were nine times as efficient 
in dissolving the metal as canned tomatoes and tw T enty times as 
efficient as the pure acids. Leach could give no explanation of these 
facts, which are readily understood if we conceive of the anthocyan 
as continuously removing metal from combination with the acid and 
thus preventing the attainment of equilibrium between free acid 
and tin salt which occurs in pure acid solutions. It also explains 
results such as those of Donauer (11), who determined the rate of 
solution of metal of kettles used for Pasteurizing grape juice, con¬ 
centrating apple juice, and cooking tomato pulp. The temperature 
for the grape juice was that of Pasteurization, while the other prod¬ 
ucts were boiled down to an acid concentration somewhat exceeding 
that of the grape juice. The amounts of tin dissolved in equal 
periods of service bore the ratios, apple juice 80, tomato pulp 115, 
grape juice 380. The role of the anthocyan as a metal acceptor is 
here clear. 

The reason why fruits of very low acid content but with large 
amounts of pigment, such as black cherries and blueberries, bring 
about more extensive corrosion of plain tin or earlier perforation of 
enameled tin than do more acid, less deeply colored fruits, such as 
red raspberries or sour cherries, is also clear. In the presence of 
large amounts of anthocyan, salts of tin with the acids of the fruits 
can have only momentary existence since they are immediately 
decomposed with transfer of the tin to combination with the antho¬ 
cyan. In consequence there is sustained attack by the acid which 
may strip the tin completely from the steel plate, yet the amount of 
acid salts of tin present in the material will be very low. In fruits of 
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high acidity and low anthocyan content the initial attack upon the 
metal is vigorous but the anthocyan is presently exhausted by com¬ 
bination with the tin, after which equilibrium between free acid and 
metallic salts is reached, and further action upon the metal ceases. 
The limiting factor in corrosion is not acid content, but anthocyan 
content, since the capacity for taking tin into stable organic com¬ 
binations determines the extent to which it may be attacked. 

Perforation 

The material stored for the study of perforation was held at room 
temperature. The cans were in all cases stored on end, with the end 
which had been sealed after filling turned up. In all the experi¬ 
mental material, perforation was practically wholly confined to 
enameled cans. The percentage of hydrogen swells occurring in the 
enameled cans was also very much greater than in plain tin. In 
every case, enameled cans which ultimately showed perforation first 
became hydrogen swells. In only two cases did side perforations 
occur, in all others the perforation was located either in the counter¬ 
sink or at the juncture of the side seam with the end. In counter¬ 
sink perforations the opening is not at the bottom of the groove, but 
at the top, usually on the side next the center of the can. This is the 
region of maximum strain as a result of expansion during processing. 
The juncture of side seam and end seam is a region which is subjected 
to mechanical stress in the making of the cans, as well as to abrasion 
of the enamel covering. The location of perforations is therefore in 
accordance with expectation based on a knowledge of the behavior 
of metal previously subjected to strain when exposed to conditions 
favoring corrosion (33). 

Packs of nonpigmented material prepared for comparison with 
pigmented material in the perforation studies gave no results since 
perforation failed to appear in such material. 

It is apparent from the results of the author’s comparative studies 
of the anthocvan-containing fruits that the amount of purple dis¬ 
coloration produced by contact with metal is a rather dependable 
indication of the ability of the material to perforate enameled cans. 
This holds true for the fruits of a considerable number of species 
which have been examined, and also for varieties and strains within 
a single species. Some 200 horticultural varieties and strains of 
strawberry have yielded evidence on this point. The most heavily 
pigmented varieties or strains were the first to perforate. Such 
deeply colored varieties as Portia and Progressive began to develop 
perforations after about six months, long before perforation began to 
occur in less highly pigmented varieties, such as Howard 17. The 
varieties of strawberries employed varied widely in acidity and in 
tannin content as well as in anthocyan content. The independent 
variations of acidity and tannin content complicate the results of the 
perforation study. Any substance which can take the dissolved 
metal out of combination with the acids of the fruit, thus setting the 
acid free to continue action upon the metal, will favor perforation 
or corrosion. Tannins and other substances capable of combining 
with the metal may function as aids to these processes just as antho- 
cyans do. Consequently perforation, like corrosion, is favored by a 
variety of causes, of -which the presence of anthocyan is only one. 
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The problem of discoloration is directly related only to such corro¬ 
sion as is specifically due to the presence of anthocyans. 

Ivohman has given special attention to the problem of perforation 
by fruits containing anthocyans {17-22), He has shown that acidity 
of the fruit is not the most important factor determining perforation, 
since different products of like acidity but unlike pigment content 
show very large differences in the readiness with which they produce 
perforation. Kohman's results have led him to the belief that the 
role of anthocyan in perforation is that of a hydrogen acceptor—that 
is, the pigment takes up the hydrogen produced, so that perforation 
occurs without previous perceptible swelling of the can. The results 
obtained by the present writers indicate that anthocyan also func¬ 
tions as a metal acceptor, increasing the capacity of the material to 
dissolve metal by taking it into stable organic combination as rapidly 
as it is dissolved. 

SUMMARY 

Violet, pink, or purple discolorations in fruits and vegetables 
canned in tin are of rather widespread occurrence. In some mate¬ 
rials such discolorations occur regularly, being accepted as a matter 
of course; in others their appearance is occasional and sporadic, 
resulting in considerable losses by causing the material to be dis¬ 
carded as unfit for food. Such discoloration has received various 
explanations, none of which are more than partially correct. 

Discolorations of this type occur only in such fruits and vegetables 
as contain anthocyan pigments in skin or flesh, and are confined to 
the pigmented portions of the material. If pigmented and nonpig- 
mented portions are separated prior to canning, discoloration appears 
in the pigmented portion but is absent from the nonpigmented 
portions. 

The discoloration occurs only in material canned in tin, but occurs 
in both plain and enameled cans. When processing is carried out in 
glass, the original color of the material is preserved except for less¬ 
ening in intensity due to partial conversion into colorless form by 
heat. In tin cans, a greater loss of color occurs, accompanied by con¬ 
version of some of the pigment to violet and consequent shifting of 
the color of the product toward purple. This alteration in color is 
intensified by opening the cans and exposing the material to the air. 

The amount of anthocyan pigment developed in such fruits as have 
the pigmentation confined largely or wholly to the skin, as the red¬ 
skinned peaches, is determined in considerable degree by seasonal 
conditions. High temperatures and intense sunlight result in devel¬ 
opment of unusually high color in such fruits, and this results in 
the appearance of discoloration in the canned product. 

The appearance of discoloration is due to the reaction of the 
anthocyan with tin dissolved from the container, and results in the 
formation of complex metallic compounds of, anthocyan which are 
violet in color. 

The anthocyan of the peach has been isolated and partially puri¬ 
fied. Its behavior toward metals is similar to that of other anthocyan 
pigments. 

The behavior of a large number of anthocyan-containing fruits 
and a few T vegetables, including peaches, plums, sweet and sour 
cherries, apples, red and black raspberries, blackberries, currants, 
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grapes, mulberries, berries of Viburnum and Crataegus, red cabbage, 
and beets, has been studied by means of canning tests in plain and 
enameled tin and in glass; as well as the comparative behavior of 
aqueous solutions of the pigments with metals. 

The formation of violet-colored salts with tin or tin salts is a general 
property of the red anthocyan pigments. It occurs when the antho- 
cyan-containing material is heated in contact with tin, as in canning, 
whenaqueous solutions of the crude or partially purified pigment are 
heated with metallic tin or aluminum, or when salts of these metals 
are added in the cold. The amount of the violet compound formed 
is determined by the amount of the pigment present, and by the 
degree of acidity of the medium, low acidity favoring its formation, 
high acidity depressing or suppressing it. 

The color changes produced by combination with metals are 
reversible. Addition of alkali to a solution of pigment containing a 
metal results in formation of more salt with resulting intensifica¬ 
tion of violet color; addition of acid destroys the combination and 
restores the original red color. 

In anthocyan-eontaining canned material the metal salts formed 
by combination of the acids of the fruit with the can metal are broken 
up by transfer of the metal into combination with the pigment, 
releasing the acid to continue attack upon the can. If the initial 
acidity is low, thereby favoring formation of the metal salt, extensive 
attack upon the can will occur, continuing up to the limit of the 
metal-absorbing capacity of the pigment. If the acidity is high, the 
formation of the metal-anthocyan compound is thereby reduced or 
suppressed, solution of the metal is limited to the absorbing capacity 
of the acids present, and equilibrium is reached before extensive cor¬ 
rosion occurs. 

The enameled can preserves the original color of red fruits and 
reduces discoloration by decreasing the contact between pigment and 
metal. At the same time, it increases the rapidity with which per¬ 
forations of the metal occur by limiting the area from which metal 
can be removed. 

The processes resulting in discoloration are intimately related to 
the problem of corrosion and perforation, although these involve 
other factors. Anthocyan plays a very important role in causation 
of corrosion and perforation wherever it is present, but these processes 
can also be brought about by other compounds than anthocyans. 

The principal factors concerned in corrosion are oxygen, acidity, 
anthocyan, and tannin. Some of these factors stand in antagonistic 
relationship. High acidity generally favors corrosion but depresses 
the formation of metal-anthocyan compounds and may thus retard 
corrosion. High acidity represses oxidation of tannin and formation 
of hydrous stannous oxide. Oxygen accelerates corrosion and in¬ 
creases the total activity by oxidizing the ferrous and stannous salts 
to the corresponding ferric and stannic states. The interrelation¬ 
ships of the factors concerned are so complex that practically every 
substance canned presents a specific problem. 

58359—27-3 
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WHY APPLICATIONS OF NITROGEN TO LAND MAY CAUSE 
EITHER INCREASE OR DECREASE IN THE PROTEIN 
CONTENT OF WHEAT 1 

By W. F. Geeicke 

Associate Plant Physiologist, College of Agriculture, University of California 

INTRODUCTION 

That low-protein wheat is due to the insufficiency of supply of 
nitrogen available to the plants during the later-growth stages has 
been shown by several investigators ( 1 , 2 , 4)- 2 Thus it has been 
found that the application of soluble nitrogen to the plants at various 
stages of development up to a certain growth phase resulted in 
wheats that varied correspondingly in the protein content of the 
grain. The later nitrogen was applied, the higher was the protein 
content of the grain. However, as the literature also contains a 
fairly large number of references to investigations (3, 5 , 6, 7) wherein 
the addition of nitrogen to land either failed to improve the protein 
content of wheat or actually caused a marked decrease in the per¬ 
centage of this constituent, it is the purpose of this paper to set 
forth the conditions under which such results may be obtained. 

Results obtained by the writer from investigations in which one 
of each of the essential salt elements was absent from the culture 
media of wheat for various periods of time following the initial 
exposure of the cultures to complete nutrient solutions, show that 
the absence of either of the two elements calcium and nitrogen, 
profoundly affect (decrease) the protein content of the grain. The 
percentage of protein in the grain obtained from cultures grown ten 
weeks in a complete nutrient solution and then transferred to media 
devoid of calcium was about one-half that obtained from cultures 
not deprived of any essential salt element; and in similar series in 
which nitrogen was omitted from the media, the grain contained 
about two-thirds the normal percentage of protein. Alkaline or 
neutral reactions of the media during the later growth phases of 
the plants caused a slight decrease in percentage of protein. The 
absence of potassium, phosphorus, or sulphur in the culture media 
after the plants had grown four weeks in complete culture solutions 
had no effect on the protein content of the grain. Similar experi¬ 
ments with magnesium showed that this element can be dispensed 
with after the plants have grown four weeks in complete culture 
media, with only slight decrease in protein. Thus it appears that 
variation in the protein of grain is primarily related to the nitrogen 
and calcium relations of the growth media. 

FACTORS CAUSING VARIATION IN PROTEIN CONTENT OF GRAIN 

The percentage of nitrogen or any other constituent in plant tissue 
is obviously a factorial measurement of the quantity of element that 
the plant has absorbed and of the growth it has made as the result 


1 Received for publication Feb. 23,1927; issued August, 1927. 

2 Reference is made by number (italic) to u Literature cited,’* p. 139. 
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and in part as an incidence of absorbing that quantity of the element. 
That the measure of growth (stated in terms of mass) plants make 
from any given quantity of nitrogen absorbed may vary markedly is 
only another way of stating that wheat varies in its percentage of this 
constituent. Thus, the problem of accounting for variation in the 
protein content of the grain resolves itself into a consideration of the 
factors which determine the mass of grain material that will be pro¬ 
duced and into which a given quantity of nitrogen will be distributed 
and assimilated as protein. 

Obviously nitrogen is required by wheat for the production of non¬ 
grain tissues as well as grain tissue. Furthermore, the quantity of 
grain tissue formed by a plant bears certain relations of proportion¬ 
ality to the quantity of nongrain tissue formed. The factors that 
bear on the apportionment of nitrogen to these two classes of tissue 
conceivably must be important in a consideration of the cause that 
effected the marked differences above referred to, in the responses 
from applications of nitrogen to land. In one set of cases fertiliza¬ 
tion with nitrogen gave rise to high protein grain and in another set- 
to low protein grain. 

DESCRIPTION AND RESULTS OF EXPERIMENTS 

Marked differences were brought out very clearly by the writer in 
an investigation in w r hich an array of varieties of spring wheats were 
treated with applications of sodium nitrate at various stages of their 
development. Furthermore, relations developed among the varieties 
that have made it possible to explain the paradoxical results of differ¬ 
ent investigators. 

Briefly described, the experiments were as follows: Stone jars were 
filled with a fairly good soil and these were seeded with nine varieties 
of wheat. Each variety was treated separately, but all varieties 
were treated alike so that comparison could be made as to the effects 
of applications of nitrogen to different varieties at different stages of 
growth. The salt was supplied in solution upon the surface of the 
soil at a rate equal to an application of 100 pounds of nitrogen per 
acre. Soon after the seedlings appeared above the ground they w T ere 
thinned to seven plants per jar. Mention is made of this at this time, 
as it will be shown later in this paper that the number of stalks pro¬ 
duced by tillering had a very pronounced effect on the apportionment 
of nitrogen for grain and nongram tissue. Table 1 summarizes the 
results of experiments made to compare the effect produced on the 
protein content of gain by nitrogen applied to different varieties of 
wheat at different stages of growth. 

Several features of Table 1 need mention. It is to he noted that 
the percentage of protein in the grain of cultures which received 
nitrogen 30 or 90 days after planting was in every case greater than 
that obtained in grain from untreated cultures. With one exception, 
cultures that received nitrogen 90 days after planting produced grain 
higher in protein than did the cultures that received nitrogen at an 
earlier growth period. The exception referred to was noted in the 
case of Marquis. 3 The culture of this variety that received nitrogen 
90 days after planting produced grain perceptibly lower in protein 
than did the cultures that received nitrogen 30 days after planting. 


1 This feature can be explained by a certain characteristic of the plant, namely, by the degree any treat¬ 
ment delays the maturity of the plants, the longer the delay the more remote is the application of nitro¬ 
gen to the later growth period when it can fertilize nitrogen more efficiently for protein in the grain. 
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However, in either ease the protein content was decidedly higher 
than that of the grain from untreated cultures. Disregarding this 
one exception, it may be stated that the markedly higher values 
obtained for the cultures that received nitrogen 90 days after plant¬ 
ing, as compared with those for the cultures supplied with nitrogen 
at earlier growth periods is in general accord with the principle that 
the efficiency with which wheat plants utilize nitrogen for protein 
in grain is related to the proximity to the period of grain formation 
at which a given supply is absorbed hy the plants. 

Table 1 —Percentage of protein in grain of cultures that received nitrogen at 

different growth stages 


Treatment 

Bun yip 

Cedar 

Dart's 

Impe¬ 

rial 

Early 

Baart 

F “'f S 1 Feder-1 
1 / i ation 1 

1 

quis , ^nora 

! / 

White 

Aus¬ 

tralian 


Per cent 

Per cent Per cent 

Per cent 

i ! i : 

Per cent Per ctnt Pa cent Per cent Per cent 

No nitrogen applied. 

8.94 

9. 51 

8.28 

S. 76 

8. 34 j 12 21 1 

8 50 i 7.88 

9.0 

Nitrogen applied at time of 





| 

| 


planting. ... 

9.60 

10. 67 

7 35 

S. 84 

7.32 9. 79 

8 92 ! 7.15 

9 0 

Nitrogen applied 30 days after 





; 



planting.. 

j 13. 62 ; 

12.14 

10. 76 

10 98 

9.33 ! 12 05 • 

11.60 ! 9 81 

9.2 

Nitrogen applied 90 dayg after 






i 


planting. 

j 15.54 

15. 55 

11 38 

13.03 

11.90 14.76 

1 : 

11.00 j 11.98 

12.1 


The most interesting feature of Table 1, however, is the comparison 
it affords of the values for protein of the cultures that did not receive 
nitrogen and those that did receive it at the time of planting. This 
comparison shows that the values for protein of four varieties—Dart’s 
Imperial, Fulcaster, Hard Federation, and Sonora—were less in the 
grain of the treated than in the grain of the untreated cultures# The 
values for White Australian in treated and untreated cultures were 
equal. Thus, in five of the nine varieties, application of nitrogen 
to the soil at the time of planting either had no effect or was more or 
less harmful to quality in wheat, as defined by the protein content 
of the grain. Table 1 shows that applications of nitrogen to plants 
at certain growth periods results in the production of high-protein 
grain, and likewise that applications of nitrogen at other times has a 
harmful effect. To explain these varying results it is necessary to 
consider the effect a given growth phase has upon the apportionment 
of nitrogen to the two classes of tissue, grain and nongrain. 

Table 2 shows the relative increase in tillering of nine varieties of 
spring wheat resulting from application of nitrogen at different growth 
periods. 

Table 2 gives important information concerning growth character¬ 
istics of different wheat varieties. It shows (what is well known) that 
varieties possess markedly different properties in respect to tillering. 
Differences were obtained in tillering within given varieties, as well 
as among varieties. The outstanding features, however, can be 
briefly stated as follows: 

(1) All varieties except Dart’s Imperial showed good tillering from 
nitrogen treatment. 

(2) Dart’s Imperial tillered very sparsely, regardless of the treat¬ 
ment employed. This wheat, because of genetic reasons, is con¬ 
sidered incapable of tillering profusely. 
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(3) Bunyip, Cedar, Early Baart, Marquis, and White Australian, 
gave maximum tillering when nitrogen was applied 30 days to 90 
days after planting. They tillered very sparsely when nitrogen was 
applied at the time of planting. Several characteristics of these 
varieties, however, need further mention, namely: They possess the 
ability to tiller, which is a heritable character of these varieties; their 
ability to tiller is conditioned on certain growth phases; tillering is 
dependent on an ample supply of available nitrogen. 

(4) Fulcaster, Hard Federation, and Sonora tillered profusely 
with the first treatment, as well as with the later treatments. These 
varieties, therefore, differed from the ones mentioned above in that the 
growth phase did not condition the tillering properties of the plants. 

It may be said, therefore, that tillering expresses both genetic and 
physiological properties of plants. As has been shown, however, 
variation in the protein content of grain of any given variety of wheat 
is due to physiological processes. If, therefore, tillering affects the 
protein content of the grain, it may be assumed to have some influence 
on the processes that affect the supply and apportionment of nitrogen 
to the grain and nongrain tissue. 


Table 2. —Relative increase in tillering of nine varieties of spring wheat due to 
application of nitrogen at different growth periods 
(Untreated cultures considered as basis, namely, 100) 



i 

Bunyipj 

Cedar 

Dart’s 

Impe¬ 

rial 

Early 

Baart 

Ful¬ 

caster 

Hard 

Feder¬ 

ation 

Mar¬ 

quis 

Sonora 

White 

Austra¬ 

lian 

Period after planting at 
which nitrogen was ap¬ 
plied (days): 

0_... 

! I 

104 

133 

102 ; 

109 

! 126 

140 

117 

204 

116 

30.... 

171 

212 

108 

214 

129 

156 

218 

188 

140 

60... 

194 

224 

127 

267 

150 

198 

197 

219 

156 

90.... 

275 

259 

115 

267 

160 

258 

197 

213 

186 

Coefficient of tillering capac¬ 
ity®.. 

2,64 

1. 95 

1.13 

2.45 

1. 27 

1.84 | 

1.68 

1.04 

1.60 


« Obtained by dividing the highest value by the lowest value for each variety. 


Tillering is essentially a process of vegetative development. Vege¬ 
tative development precedes grain formation. If the supply of avail¬ 
able nitrogen in the soil is less than the amount the plants can absorb 
and utilize, therefore it follows that excessive development of 
vegetative growth with incident demand on the limited supply of 
nitrogen accentuates the dearth of nitrogen during the later period 
of growth. Some of the nitrogen required for vegetative pro¬ 
duction can not be utilized} later for protein in the grain. A certain 
minimum amount becomes a part of the nongrain tissue. The more 
there is of this tissue, the less is the quantity of nitrogen available for 
grain. But the amount of nongrain tissue that may be formed by a 
plant is limited by the length of the growth period. A given quan¬ 
tity and state of vegetative development precedes grain formation. 
Varieties like Fulcaster, Hard Federation, and Sonora that begin 
to tiller at very early growth stages have a relatively longer period 
in wdiich to produce nongrain tissue than have varieties that tiller 
relatively late. Such varieties consequently can use relatively 
larger quotas of nitrogen for straw and leaves* If the supply is 
limited, obviously this would leave less nitrogen in the soil to be 
absorbed later for grain than in the case of those varieties that 
tiller relatively late in their life cycle. 
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Table 2 further shows that certain differences in the tillering 
properties of varieties have a definite relation to the variations in 
the percentage of protein resulting from the application of nitrogen 
at different periods of plant growth. Under the caption “Coeffi¬ 
cient of tillering capacity of the varieties” is given the relative 
increases in tillering resulting from the application of nitrogen at a 
propitious growth period over that which was least propitious. It 
is to be noted that the lowest values resulted for Dart’s Imperial, 
Fulcaster, and Sonora. These are three of the four varieties the 
untreated cultures of which produced grain higher in protein than 
did cultures treated at the time of planting. 

The coefficient of tillering capacity as here applied is the quotient 
obtained by dividing the maximum tillering by the minimum. Low 
values may result (1) from varieties that do not tiller or that do it 
very sparsely at any growth phase (2) and from varieties that tiller 
equally abundantly at all growth stages. Both of these classes were 
represented among varieties that gave low values. 

In Table 3, the data on tillering are analyzed further. The tiller- 
-mg percentage obtained from the cultures that received nitrogen 30 
days after planting is divided by that of the cultures that received 
nitrogen at the time of planting. The values obtained give the 
tillering capacity of the varieties as a property of their early growth 
phase only. 


Table 3. —Increase in tillering of varieties of wheat resulting from the application 
of nitrogen 30 days after planting as compared to that obtained from the applica¬ 
tion of nitrogen at the time of planting 


Variety 

Tillering in¬ 
crease from 
nitrogen 
application 

30 days after 
planting 

Variety J 

| 

Tillering in¬ 
crease from 
nitrogen 
application 

30 days after 
planting 

Bunyip... 

Per cent 

164 

Hard Federation__ 

Per cent 

111 

Cedar. .- 

159 

Marquis.. 

186 

Dart’s Imperial 

104 

Sonora____ 

92 

Early Baart____ J 

196 

White Australian.___. 

121 

Fulcaster. 

103 




The four lowest values are those for Dart’s Imperial, Fulcaster, 
Hard Federation, and Sonora. These are the four varieties that 
produced higher percentage of protein in the grain from untreated 
than from treated cultures. It should be noted that White Aus¬ 
tralian stands next in order to the four varieties above mentioned in 
percentage of protein produced in the grain. The percentage of 
protein in the treated and untreated cultures of this variety was 
equal* 

As already indicated, the low tillering capacity values of the 
varieties may arise from one of two causes—(1) inability of the 
variety to tiller or (2) ability to tiller profusely at all growth stages. 
The relation between the low values of increase in tillering capacity 
and the value of protein in the grain resulting from the application 
of nitrogen 30 days after planting, brings up the question as to how 
these factors are related. It will be recalled that Dart’s Imperial is 
representative of the first class, that did not tiller because of genetic 
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reasons. However, the plants of this variety did have the ability to 
absorb and utilize nitrogen equally well at all growth stages. Tillers 
were not necessary in plants of this variety to provide an avenue of 
increased vegetative growth as the result of adding nitrogen to the 
soil. The parent stalk at any growth stage had the capacity to 
expand sufficiently without tillering to take care of the increase in 
vegetative production that resulted from increased absorption of 
nitrogen. This is attested by the thick, heavy stalks this variety 
produced. Thus, the ability of Dart’s Imperial to absorb relatively 
large quotas of nitrogen when supplied at the time of planting resulted 
I in two reactions that precluded the production of high protein grain. 
In the first place the vegetative growth gave inception to too much 
grain for the nitrogen subsequently availablefhncT'ln the second 
place nitrogen became deficient in the later-growth stage because the 
; supply at the beginning of the season was insufficient to withstand 
! the draft occasioned by the degree of growth this variety could make. 

The Sonora variety is a representative of the second class of wheat 
which possesses the property to tiller equally abundantly at any 
growth stage, provided sufficient nitrogen (and, obviously, the othei 
necessary elements) are available. Sonora could not expand suffi¬ 
ciently in the parent stalks to provide for all the vegetative growth 
resulting from the absorption of nitrogen during the early growth 
stages. Its tillers, however, developed very early. They had a 
longer growing period than did tillers that arose later; consequently 
they made a relatively greater draft on the supply of nitrogen in the 
soil than did the plants that tillered later. Capacity to absorb 
nitrogen may be considered as related factorially to the length of the 
growing period and to the mass of vegetative tissue produced. The 
relatively large vegetative development gave inception to more 
grain than would have resulted from a lesser vegetative development. 
Since the supply of nitrogen was insufficient for this increased quan¬ 
tity of grain, this grain was as a result lower in protein content than 
would have been the case had the yield been lower. 

Inasmuch as the reason why the varieties Sonora and Dart’s 
Imperial produced a higher protein grain from the untreated cultures 
than those to which nitrogen was applied at the time of planting 
is the effect which the early growth period has upon the subsequent 
supply of nitrogen, it is evident that both the soil factor and the plant 
factor are involved. It is clear, therefore, that by manipulation of 
either of two factors—i. e., by supplying nitrogen to the soil during 
the later growth period of the plant or by curtailing excessive grain 
production—it is possible to produce high-protein grain even under 
any condition. 

Between Dart’s Imperial and Sonora, representative of two types 
of wheats having distinctive genetic characters as to tillering, stand 
Fulcaster, Hard Federation, and White Australian. The growth 
habits of Fulcaster in respect to the features here discussed are more 
nearly akin to those of Dart’s Imperial than Sonora. In respect to 
its ability to set tillers from applications of nitrogen at the time of 
planting, Hard Federation is similar to Sonora. However, it differs 
markedly from Sonora in that it has the property to increase in 
tillering capacity with growth. White Australian is a variety on 
the boi'der line in respect to the effect which applications of nitrogen 
at the early growth stage have upon the protein content of the grain. 
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The treated and untreated cultures produced grain having the same 
protein values. Inspection of the data shows that the growth habits 
of this variety resemble those of Bunyip, Cedar, Early Baart, and 
Marquis more than they do the habits of the varieties in which 
applications of nitrogen at the time of planting produced lower 
protein values than were obtained for the untreated cultures. 

CONCLUSIONS 

It may be stated, therefore, that the supply of nitrogen available 
for the quantity of grain that any state of vegetative development 
may induce determines the protein content of any sample of wheat. 
It has been shown in this paper that the amount of nitrogen available 
to the plants at different growth stages affects the protein content of 
the grain. It appears, therefore, that some of the contradictory 
results obtained and reported in this field covering the effect of fer¬ 
tilizer applications on the protein content of wheat, may be explained 
by the peculiarities of the varieties. It seems well to emphasize here, 
also, a point that has not received the consideration in fertilizer 
experimentations that its importance merits, namely, that the prop¬ 
erties of wheat varieties can and do markedly affect the efficiency of 
any fertilizer treatment. 
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METABOLISM OF NITROGEN COMPOUNDS IN DORMANT 
AND NONDORMANT POTATO TUBERS 1 

By William Newton 
California Agricultural Experiment Station 

INTRODUCTION 

In a previous paper by the present writer 2 it was shown that 
nitrates stimulate growth in dormant potato tubers to a greater 
degree than in nondormant tubers. The investigation herein reported 
indicates that the stimulation of growth by nitrates may not be due 
to an internal deficiency of soluble nitrogen compounds in dormant 
tubers that can be offset by the absorption of nitrate, as was suggested 
in the earlier paper. 

EXPERIMENTAL DATA 

INFLUENCE OF STORAGE TEMPERATURES AND NUTRIENT MEDIA ON LENGTH OF 

DORMANT PERIOD 

One half of a uniform lot of immature tubers were stored at 5° C.. 
the other half at room temperature (approximately 20°), and at 
intervals of two weeks representative samples from each group were 
planted in pure quartz sand. These quartz-sand cultures were divided 
into three groups. Two of the groups were supplied with complete 
nutrient solutions. The nitrogen in one occurred in the form of 
nitrate and in the other as an ammonium salt. The first solution 
contained the following salts in equal molal concentrations (0.007), 
KN0 3 , MgHP0 4 , and CaS0 4 ; the second contained equal molal con¬ 
centrations (0.005) of KH 2 P0 4 , (NH 4 ) 2 S0 4 , MgHP0 4 , and CaS0 4 . 
The third group was supplied with a nitrogen-free solution similar to 
the first in composition and concentration except that KN0 3 was 
replaced by KH 2 P0 4 . Confirming the results obtained in previous 
experiments by the writer, Table 1 shows that the presence of nitrate 
tends to abbreviate the dormant period, but that the use of ammo¬ 
nium salts does not affect it; for there is no significant difference in the 
time of sprouting between the ammonium and the nitrogen-free 
cultures. 

METABOLISM OF NITROGEN COMPOUNDS DURING THE DORMANT PERIOD 

At intervals of two weeks during the dormant period samples of 
tubers were rapidly frozen, pulverized, and the juice expressed under 
approximately constant pressure (12.5 kgm. per square centimeter). 
The pulp residue was then extracted with distilled water and dried. 
The total nitrogen of this pulp residue progressively decreased, a 
total decrease of approximately 30 per cent occurring during the 10- 
week storage period at room temperature and approximately 20 per 
cent at 5° G. When the tubers were stored at room temperature 


1 Received for publication Mar. 22.1927; issued August, 1927. 
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the amino nitrogen in the expressed juice, as determined by the 
standard Van Slyke method, increased slightly with each succes¬ 
sive analysis. The total increase during the 10-week storage period 
was from 15.4 to 17.5 mgm. of nitrogen per 10 c. c. of juice. When 
the tubers were stored at 5° the amino acid decreased slightly during 
the first four weeks, but this decrease was followed by an increase. 
However, at the end of the 10-week period the amino-acid content 
of the juice was not markedly greater than at the beginning. There 
was a significant progressive increase of amide nitrogen 3 in the 
expressed juice from the tubers stored at both temperatures; an 
increase during the 10-week period of from 4.9 to 7.2 mgm. per 10 
c. c. of juice when the tubers were stored at room temperature, and 
from 4.9 to 6.7 mgm. when stored at 5°. Although the actual 
concentration of amino and amide nitrogen was greater in the ex¬ 
pressed juice when the tubers were stored at room temperature, 
Table 1 indicates that the tubers stored at 5° tend to sprout first. 

Table 1 . — Time from planting to sprouting of potato tubers treated with complete 
nutrient solutions and with nitrogen-free solution 
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METABOLISM OP NITROGEN COMPOUNDS AS INFLUENCED BY STIMULI 

The fact has long been recognized that stimuli which increase the 
rate of respiration in potato tissue will abbreviate the dormant 
period. Following the methods of Appleman 4 and Mtiller-Thurgau 5 * * 
the writer found that respiration was stimulated by (1) removing 
the skins; (2) treating the tubers with hydrogen peroxide; (3) storing 
at 0° C.; and (4) incubating at 35°. The expressed juice from the 
tubers thus treated contained 10, 12, 13, and 2 per cent more amino 
acid than the juice from tubers of the original stock. Since an error 
of 2 per cent was involved in the analytical procedure the last value 
may not be significant. In every case there was an increase of amide 
nitrogen as a result of these treatments; an increase of 10, 14, 36, 
and 8 per cent, respectively. 


3 The NHj evolved under slightly alkaline conditions after hydrolyzing for two hours with 4 per cent 
HC1 at 100° C. 

4 Appleman, C. O. biochemical and physiological study of the rest period in the tubers of 
solanum TUBEROSUM. Md. Agr. Expt. Sta. Bui. 183, p. 181-226, lllus. 1914. 

5 MCller, H., Thurgauy and Schneider-Orelli, O. beitrage zur kenntnis der lebensvorgInge 

in ruhenden pflanzenteilen, i-h. Flora (n. F. 1) 101: 309-372, lllus., 1910, {n, F. 4) 104: 387-446, illus., 

1912. 
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PROTEOLYTIC ENZYME ACTIVITY" IN POTATO JUICE 

Proteolytic enzyme activity was more intense in the expressed 
juice of nondormant than in that of dormant tubers, as indicated by 
the accumulation of amino acids upon incubating the juice, under 
toluol at 30° C. For example, at harvest, and at four and eight 
weeks later the increase of amino acid was 0.1, 0.9, and 2.3 mgm., 
respectively, in 10 c. 
c. of juice during a 
48-hour incubation 
period. Results of 
this type were ob¬ 
tained only when the 
incubation period 
was short, for the ini¬ 
tial increase of ami- 
no-acid nitrogen in 
the juice was invari¬ 
ably followed by a 
decrease. In one 
sample of juice the 
amino-acid nitrogen 
increased from 12.6 
to 14.6 mgm. per 10 
c. c. over a 24-hour 
incubation period at 
40°, but over a 100- 
hour period the same 
juice contained only 
13.5 mgm. This phe¬ 
nomenon, an increase 
followed by a de¬ 
crease, was typical of 
the results obtained 
with all the samples 
of juice studied. The 
data from one sample 
of nondormant tuber 
juice was used to con¬ 
struct curve 2, Figure 
1, to illustrate this 
general phenomenon. 

The disappearance 
of the amino-acid 
nitrogen may be ac¬ 
counted for by the 
enzymatic conver¬ 
sion of amino to amide nitrogen, for the amide nitrogen increased 
with the time of incubation and showed no maxima followed by a 
decrease. For example, during a 24 and a 100 hour incubation period 
of 40° C. the amide nitrogen in one sample of juice increased from 3.8 
to 4.0 mgm. and from 3.8 to 4.3 mgm,, respectively, in 10 c. c. of 
juice. Similar results were obtained with all the samples of juice 
studied. The data from one sample of nondormant tuber juice 



Fig. X.— The influence of the addition of casein and calcium nitrate to 
nondormant potato juice incubated under 2 per cent toluol: Curve 
1, ]uice containing 2 per cent casein; curve 2, juice alone; curve 3, 
juice containing 1 per cent CaCNOsh; curve 4, juice alone, curve 5, 
juice containing 1 per cent Ca(NOs )2 
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was used to construct curve 4, Figure 1, to illustrate this general 
phenomenon. 

Proteolytic enzyme activity may be demonstrated with greater 
ease by adding casein to the potato juice before incubating, for, 
unlike the results with the juice alone, after the addition of casein 
there was an accumulation of amino acids over a long period as 
approximately a straight-line function of the time of incubation. 
The data from one sample of nondormant tuber juice containing 
casein was used to construct curve 1, Figure 1, to illustrate the 
general nature of the results obtained. 

When small quantities of calcium nitrate were added to the potato 
juice the rate of increase of both amino (fig. 1, curve 3) and amide 

nitrogen (fig. 1, curve 
5) was inhibited. 
The inhibition was 
not so pronounced, 
however, in the case 
of amide nitrogen. 

THE INFLUENCE OF AS¬ 
PARAGINE ON ENZYME 
ACTIVITY 

Probably the am¬ 
ide values recorded 
in the above experi¬ 
ments represent the 
amide group of as¬ 
paragine or gluta¬ 
mine or bo th. Since 
the amide values 
were always higher 
in nondormant than 
in dormant tuber 
juice, there was a 
possibility that as¬ 
paragine would have 
some influence upon 
enzyme activity in 
the expressed juice 

of dormant tubers. The addition of asparagine to dormant tuber 
juice increased the rate of accumulation of reducing sugar (compare 
curves 3 and 4, fig. 2), but had no significant effect upon nondormant 
tuber juice (fig. 2, curves 1 and 2). The reducing sugar was deter¬ 
mined by the copper gravimetric method as modified by Davis and 
Daish. 6 



Fig. 2. —The influence of the addition of asparagine to nondormant 
and dormant potato juice incubated under 2 per cent toluol: Curve 
1, nondormant juice containing l per cent asparagine; curve 2, 
nondormant juice alone; curve 3, dormant juice containing 1 per 
cent asparagine; curve 4, dormant juice alone 


DISCUSSION 


The stimulation of growth by nitrates may be due to the rule 
observed by Appleman, 7 namely, that oxidizing agents tend to stimu¬ 
late growth in dormant tubers; for when the nitrogen of the nu¬ 
trient solution was in the form of an ammonium salt no stimula- 


e Davis, W. A., and Daish, A. J. a study op the methods of estimation of carbohydrates, espe¬ 
cially IN PLANT-EXTRACTS. A NEW METHOD FOR THE ESTIMATION OF MALTOSE IN PRESENCE OF OTHER 
sugars. Jour. Agr. Sci. [England] 5: 437-468, illus. 1913. 

7 Appleman, C. 0. Op. cit. 
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tion occurred. Furthermore, no evidence was obtained to show that 
nitrate favored the accumulation of amino acid or amide nitrogen. On 
the contrary small concentrations of calcium nitrate strongly inhibited 
proteolytic enzyme activity and had a slight inhibitory effect upon the 
rate of the accumulation of amide nitrogen in expressed juice. Cal¬ 
cium nitrate was used because it proved to be less toxic than sodium 
or potassium nitrate when used as a single salt solution in cultural 
experiments. Although the specific effect of nitrates was not dis¬ 
covered by this study of the metabolism of the nitrogen compounds, 
evidence has been obtained that the cessation of the dormant period 
is dependent in part upon the activity of the proteolytic enzymes 
and the enzymes which convert amino into amide nitrogen. 

Proteolytic enzyme activity may be measured by following in the 
juice the rate of accumulation of amino acid at low temperatures, 
provided the incubation period is short, but the results thus obtained 
are difficult to interpret because of the fact that the initial increase 
in amino-acid nitrogen is invariably followed by a decrease. The 
comparative proteolytic enzyme activity of samples of expressed 
potato juice may be followed with greater ease by adding casein to 
the juice. After the addition of casein the rate of the accumulation 
of amino-acid nitrogen was approximately a straight-line function of 
the time of incubation for periods as long as 96 hours at 37.5° C. The 
uniform rate of the accumulation of amino-acid nitrogen can not be 
explained by assuming that the original juice contained little protein, 
and hence that the addition of protein was required to demonstrate 
typical enzyme activity. On the contrary, large amounts of protein 
appeared to be present in the original juice, for upon removing the 
precipitate formed on heating the expressed juice, the total nitrogen 
was reduced to almost one-half. 

Sure and Tottingham 8 have shown that amino acid may be con¬ 
verted into amide nitrogen. This phenomenon would serve to ex¬ 
plain the decrease of amino acid which invariably followed the 
initial rise when expressed juice alone was incubated. The same 
phenomenon would also explain the apparent disappearance of amino 
acid during the first four w r eeks when tubers were stored at 5° O. 
Since the amide nitrogen content of the juice was invariably greater 
in nondormant than in dormant tubers there may be a possibility 
that amide nitrogen, possibly asparagine, is a factor upon which 
grow T th depends. The fact that the addition of asparagine to dor¬ 
mant tuber juice activates the carbohydrate hydrolytic enzymes but 
has no apparent influence upon nondormant tuber juice, tends to 
support this view r . 

SUMMARY 

(1) The absorption of nitrates by potato tuber tissue abbreviated 
the dormant period, but under the same conditions ammonium salts 
did not affect it. 

(2) There was a tendency for the amino and amide nitrogen to 
be greater in nondormant than in dormant tubers, but growth was 
not directly dependent upon the actual concentration of either of 
these compounds. 


* Sure, B v and Tottingham, W. E. the relation of amide nitrogen to the nitrogen metabo¬ 
lism of the pea plant. Jour. Biol. Chem. 26: 535-548, illus. 1916. 
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(3) Proteolytic enzyme activity was more intense in the expressed 
juice of nondormant than in that of dormant tubers. When casein 
was added to the juice the rate of the accumulation of amino acid 
was a straight line function of the time of incubation. 

(4) Evidence was obtained which indicated that wdien potato 
juice is incubated, amino acid nitrogen is converted into amide 
nitrogen. 

(5) The addition of asparagine to dormant tuber juice activated 
the carbohydrate hydrolytic enzymes, but had no apparent influence 
upon nondormant tuber juice. 



THE DETERMINATION OF QUALITY IN SWEET CORN 
SEED BY MEANS OF THE OPTICAL MEASUREMENT OF 
LEACHED MATERIALS 1 

By Chabl.es F. Hottes, Consulting Physiologist, and Walter A. Huelsen', 
Assistant Chief in Olericulture, Illinois Agricultural Experiment Station 

INTRODUCTION 

In practice, injuries which impair the germination of seeds and 
the subsequent growth of the seedlings are ordinarily determined by 
means of actual yields from a field test, or, if this is not feasible, by 
the measurement of the heights, green weights, and dry weights of 
the seedlings as part of a greenhouse trial. The extent of such 
experiments and the time required for their completion imposes 
severe restrictions upon the number of samples which may be 
handled. 

Several years ago, while working with sweet com seed, the authors 
found it necessary to measure the injury caused by exposure to 
various temperatures. Limitations of time and space, as well as the 
large number of samples which required testing, made it imperative 
to devise a rapid and accurate method of determining viability and 
its relation to the subsequent vigor of growth in the seedling. 

The senior author's observations made on seeds subjected to vari¬ 
ous temperatures and to chemicals in series of increasing concentra¬ 
tion, showed that a marked correlation existed between the degree 
of injury to the seed and its susceptibility to fungous attack. The 
absence of fungous growth on the high quality control seeds and its 
progressive increase from the lower members in the series with only 
slight injury to the higher with increasing injury and final death, 
seemed to indicate that such growth is due to teachings from the 
seed. The measurement of such leached materials, inorganic and 
organic, crystalline and colloidal in nature, should serve as an index 
to the vigor of the protoplast and thus of the viability of the seeds. 
The effects of stimulation or injury on the permeability of the cell 
membranes have long been known. Osterhout (ll) 2 and others in 
numerous experiments have recently measured the relation of con¬ 
ductivity and permeability to injury and death. They have found the 
electrical resistance of a plant to be an excellent indicator of what 
may be called its “normal condition of vitality/' Any change in 
this condition is rapidly and positively shown "by a change in elec¬ 
trical resistance. The method of Osterhout therefore received first 
attention. But before much progress had been made this was aban¬ 
doned and others sought which would be more definitely applicable 
to the problem. It was essential that the methods used should 
measure not only the change in permeability of the membrane, but 
also the relative quantity of materials, crystalline organic and inor¬ 
ganic, and colloids, that are lost by diffusion through such changed 
membranes. In the conductivity method the permeability of the 


1 Received for publication Apr. 25,1927; issued August, 1927. 
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membrane is determined by the behavior of the electrolytes, whereas 
for this problem it seemed more appropriate to determine the per¬ 
meability by measuring the inorganic and organic crystalloids and 
colloids. The former were measured by the use of the refractometer 
and the latter by the use of the nephelometer.^ After two years of 
investigation the refractive index and the colloidal index tests have 
proven very serviceable. These have their individual merits, but in 
practice supplement each other to a certain degree. The studies have 
been confined to sweet corn, but others working in the same labora¬ 
tories have found the tests to be equally applicable to maize, garden 
peas, and radish. 

LABORATORY METHODS 

In the methods about to be described, the authors believe that 
both time and temperatime of soaking the seed prior to the readings 
pla} 7 an important part, but lack of space prevents giving this phase 
of the problem the attention it deserves. In experiments of this 
nature it is important to determine the point where pronounced dif¬ 
ferences in the colloidal index are obtained. After a number of trials 
48 to 72 hours of soaking at 30° C. seemed to give the best results, 
and either one or the other of these periods was used in most of the 
subsequent readings. The 48-hour period at 30° appears to give the 
greatest differences in colloidal index when the germination of the 
corn has been in some way impaired. In such cases the leaching 
action is much more rapid than in normal corn and the best readings 
can be made within 48 hours. Sweet com which is apparently normal 
in all respects leaches more slowly, and the longer period of soaking, 
72 hours at 30°, gives the more reliable readings. In practice the 
length of the period can be determined with great ease by the appear¬ 
ance of the liquids after 24 hours leaching. If the colloidal solutions 
are quite opalescent the corn need not be soaked longer than 48 
hours. On the other hand, clear or only slightly opalescent solutions 
indicate that 72 hours’ soaking is desirable. Dispersions from badly 
injured seeds appear very turbid, and if many of them are in this 
condition the readings may be taken at 36 hours or sooner. 

In order to obtain uniformity of results and freedom from the salts 
present in tap water, the seeds were soaked in distilled water. This 
brings up the question of the effect of distilled water on the protoplast 
and on leaching. Andre ( 1 ) observed that the seeds of beans and 
wheat soaked in distilled water for periods up to 281 days lost con¬ 
siderable amounts of nitrogen, phosphoric acid, and potash. True 
(13), True and Bartlett (1$), Merrill (10), Hibbard (6), and others 
observe that distilled water is toxic' to the roots of seedlings. Hib¬ 
bard (6) states that where disease-free seed uniform in size, color, 
etc., is selected from the pure line offspring of one plant, there is as 
much variation in the behavior of the seedlings toward toxic sub¬ 
stances in solution as in a mixed progeny from unknown sources. 
Hibbard states further that the harmful action of distilled water to 
seedlings is due not to a single predominant factor, but to a combina¬ 
tion of many. These factors he conceives as forces bringing about 
a disturbance of the normal equilibrium of the various chemical and 
physical interactions within the organism and between it and its 
environment. Merrill (10) gives three reasons which may account 
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for the toxicity of distilled water to plants: (1) The lack of essential 
nutrients; (2) the presence of deleterious substances; and (3) the 
extraction of salts, or nutrient materials, from the organism immersed 
in distilled water. True (IS) has made extensive obsexwations con¬ 
cerning the relation between growth and the leaching of electrolytes 
from the roots of lupine seedlings grown in distilled water. He shows 
that with roots the rate of leaching is greatest at the end of 24 hours 
and progressively decreases with each 24-hour interval. The growth 
rate in this culture falls off in a manner suggesting a parallel with 
the decrease in resistance. 

Andre (1 b with seeds of wheat and garden beans, shows a leaching 
effect which is similar in some respects to the loss of electrolytes from 
the seedlings of True (13). It is the work of Anclre and True which 
suggested a possible means of measuring the vigor of seeds by deter¬ 
mining the soluble solids which leach from them in distilled water. 

The proportions of corn and distilled water used in experiments of 
this character require careful consideration. In corn of high quality 
and consequently low permeability a ratio of 5 c. c. of distilled water 
per gram of corn is sufficient. In other cases 10 c. c. of distilled water 
per gram of corn is advisable. In all of their tests the authors used 
either 5 or 10 gm. of corn in 50 c. c. of distilled water. Due to the 
necessity of using whole grains it is virtually impossible to weigh 
out rapidly and accurately less than 5 gm. of corn. 

In making the nephelometer test a proper standard of comparison 
is absolutely necessary. Kleinmann (7) has pointed out that the 
standard solution should be capable of remaining constant for several 
months. This is true of many inorganic sols, but care must be exer¬ 
cised with reference to color. 

The colloids leached from the Country Gentleman and Narrow 
Grain Evergreen varieties of sweet corn are either clear or opalescent. 
Very rarely, and in the case of badly discolored and diseased speci¬ 
mens only, the liquid is somewhat yellowish. The best results were 
obtained, therefore, by the use of a slightly opalescent standard. 
After testing a considerable number of standards, including those used 
by Kober (<S), Richards and Wells (12), and others, the authors 
found that chemically pure soluble starch fulfilled all requirements 
except one, namely, its keeping quality. This was overcome by 
making up a solution containing 0.5 per cent soluble starch and G.o 
per cent sodium toluene para sulphochlorainid. The keeping quali¬ 
ties of this standard are excellent. Since the soluble starch obtained 
from the manufacturer varies in quality, care should be exercised to 
make the standard for a given series of experiments from the same lot. 

In soaking samples of s'weet corn the presence of bits of silks and 
chaff, pieces of pericarp and other detritus is practically unavoidable. 
Blowing and cleaning the samples on a screen previous to soaking 
removes only the coarser particles. Previous washing in distilled 
water also fails to eliminate them. The presence of these foreign, 
noncolloidal materials, together with the large particles in suspension 
due to coalescence, seriously affects the accuracy of the readings. 
Folin and Denis (5) have shown that the presence of large particles 
due to coalescence causes gross errors in the nephelometer readings. 
A series of tests by the authors shows that these errors could be 
greatly reduced by filtering the colloidal solutions through a porous 
filter paper. 



150 


Journal of Agricultural Research voi. 35 , no. 2 


The authors maintained a uniform procedure in preparing the 
samples. The ears in each case were shelled into a small box without 
either butting, tipping, or removing any of the diseased kernels. 
The kernels were well mixed, cleaned by screening and blowing, and 
then weighed out. Wide-mouthed bottles of 150 c. c. capacity were 
used for soaking the seed. The weighed samples were placed in 
these bottles, the distilled water added, and the bottles stoppered 
to prevent evaporation of the liquid. Each sample was then thor¬ 
oughly shaken in order to remove air bubbles from around the kernels 
and likewise to immerse those which floated. The corn was leached 
in large, accurately controlled temperature cases. The bottles were 
removed at the end of the required period and the liquid of each 
decanted into a funnel lined with a porous filter paper. The filtrate 
was allowed to run into 100 c. c. test tubes and the readings taken as 
soon as sufficient liquid had filtered. In most instances duplicate 
samples were weighed from each ear and two readings taken from the 
respective filtrates. 

The character of the experiments is such that both refractometer 
and nephelometer readings were taken for many of the samples. 
The technic described thus far proved applicable for both tests. 
Filtering the liquid is of course not necessary if only a refractometer 
reading is taken, as the index is affected only by the solutes. 

All readings were checked by means of growth tests on greenhouse 
benches. A duplicate random sample of 20 kernels from each ear 
was planted in a single row inch deep and 1 inch apart, the rows 
being 2 inches apart. Each fifth row was planted to a control con¬ 
sisting of a random sample showing 100 per cent rag-doll germina¬ 
tion, and testing relatively free from rots and molds. All the ears 
in a given test were planted the same day. Measurements w-ere 
taken in a single day at the age of about 18 days. The germination 
was computed to a percentage basis by assuming that if each of the 
20 kernels produced a seedling, the germination was 100 per cent. 
The failure of one kernel to grow' reduced this to 95 per cent, of twm 
kernels, to 90 per cent, etc. Each seedling was evaluated 5 per cent. 
The height of each plant \\ r as the measured distance from the ground 
to the tip of the longest leaf. Averages w T ere calculated by dividing 
the sum of the heights by 20. After they had been measured, the 
plants in each row T w r ere cut off at ground level and weighed. This 
total weight divided by 20 represented the average green w T eight. 
The average heights and green weights have been compared in each 
case with the respective average heights and green weights of the 
controls. The resulting increases or decreases were then compared 
with their respective instrument readings, and the correlation coeffi¬ 
cients determined. 

METHODS OF CALCULATION 

The many thousands of observations necessitate presenting results 
in extremely condensed form. For this purpose much of the subse¬ 
quent data have been calculated as correlation coefficients according 
to the formula of Pearson: 


r xy 



~w x w 



in which r xv is the coefficient between the characters x and y; d, the 
deviations; w, the correction factor; n, the number of observations; 
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and <r, the standard deviation. The probable errors of r XJ have been 
calculated from the formula 


p Er - L 0-6745 (!-;•-) 

V n 

In certain cases the standard deviations have been determined 
from the “short method” formula 


I n 


in which / means the frequency, D means the deviation from the 
assumed mean, and w the correction factor. 

The probable errors of the standards of deviation have been calcu¬ 
lated from the formula: 

^ ±0.6745cr 


THE REFRACTIVE INDEX TEST 


The Abbe refractometer provides a rapid and highly accurate 
means of determining the specific gravity of a liquid and the per¬ 
centage of total solids in solution. Bigelow and Fitzgerald (£), 
basing their investigations on Windisch’s tables, have shown that 
the specific gravity and total solids in tomato pulp bear the same 
relation to each other as in beer and wine extracts. Since such pro¬ 
portions have been found to exist in these and in other instances, it 
may be assumed that the leachings from sweet corn kernels are 
proportional in the same manner. With this assumption a series of 
experiments was undertaken using a Bausch & Lomb Abbe refrac¬ 
tometer. 

Tables 1 and 2 give the results of preliminary tests on random 
samples of seed treated in different w 7 ays for the purpose of showing 
the reliability of the test. The sw r eet corn used in this test was a 
random sample of Country Gentleman showing good germination 
and almost complete freedom from rots or molds. 

Table 1. —Comparison of the total solids in solution leached from sweet com soaked 
in distilled water at various controlled temperatures for two different periods 
of time 


1 

! 

1 Temperature at which corn 
| was leached 

1 Refractive index 

(25° C.) 

1 

After 24 
hours 

1 

! After 96 
j hours 

j ° C. 

| 


m 

1.3345 

1,3354 

30 

1.3345 

1.3352 

! 20 

1 3342 

1.3345 

I 20 

1.3342 

1.3345 

10 

1.3341 

1.3343 

10 

1.3340 j 

1.3342 

1 Distilled water. 

1 i 

1.3325 

1.3325 
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From Table 1 it is evident that leaching is progressive both as to 
time and temperature. The experiment could not be continued 
beyond 96 hours, because of the fermentation occurring in the 30° C. 
sample. 

In Table 2 a comparison is made between samples of killed and 
viable Narrow Grain Evergreen sweet com taken from a single lot 
of seed. This com tested 95 per cent germination and was free 
from disease. Twelve 25-gm. samples were weighed out md six of 
these subjected to a temperature of 100° C. for one hour in order to 
destroy life. The readings in Table 2 are the averages of eight repli¬ 
cations. Each lot was leached in 50 c. c. of distilled water at the 
temperatures designated. The results show clearly that the rate of 
leaching is much more rapid in the killed seed and, likewise, that the 
rate of loss in both killed and viable samples increases progressively 
with the temperature. 

Table 2. —Comparison of the loss of soluble total solids from viable and killed seed 
of Narrow Grain Evergreen sweet com after 48 hours leaching 


Condition of seed 

1 

Tempera¬ 
ture at 
which 
seed was 
leached 

1 

Average i 
refractive j 
index 

(21 5° c.) : 

] i 

t ! 

Killed. i 

° C. 

30 

1.33600 

Viable__ 

! 30 

1.33515 

Killed___ 

! 20 

1.33545 

Viable... 

I 20 

1.33470 ! 

Killed.... 

! 10 

1.33460 

, Viable... 

10 

1.33455 

! Distilled water. 


1.332845 


THE COLLOIDAL INDEl TEST 

During the course of the earlier experiments it "was noted that 
whereas in a few samples the liquid remained perfectly clear at the 
end of the soaking period, in the great majority it was more or less 
opalescent. Observations revealed that strong, vigorous growth was 
usually coincidental with a clear liquid, while the opposite was true 
of samples in which the liquid was opalescent. Test readings of such 
liquids were made with a Duboscq colorimeter converted into a 
nephelometer according to the method of Bloor (3). This instrument 
is capable of measuring with great precision the dispersity of a sus¬ 
pension such as is found when sweet corn kernels are treated with 
distilled water. 

The corn was prepared as already described and the readings 
made with both tubes of the nephelometer nearly full and at exactly 
the same height, thus eliminating the necessity of volume corrections. 

In order to determine whether colloids respond in a manner similar 
to the solids in solution, a number of experiments were undertaken, 
of which the results shown in Table 3 are representative. The sam¬ 
ples for this test were prepared from the same lot and treated in the 
manner indicated in Table 1. At the close of the 66-hour period of 
soaking at 10°, 20°, and 30° C., respectively, the colloids increased 
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progressively with the temperature and had an extremely wide range. 
After 96 hours' soaking, however, the colloids as measured by the 
nephelometer had become nearly identical in quantity and the index 
in each case was very low. The respective suspensions gave visible 
evidence of the action of microorganisms. 

It is quite likely that this is the principal reason for the lack of 
uniformity in some of the results given later. # Subsequent work, not 
reported here, prevented such inconsistencies largely through the 
addition to the distilled water of a germicide that has no tendency 
to coalesce the colloids. In these investigations, however, the addi¬ 
tion of a germicide has been avoided, as the primary object is to 
measure the normal leaching in sweet corn in no wise modified by the 
presence of a foreign substance, and its likely effect on changing the 
permeability of the membranes. 

Table 3. —Comparison of the loss of colloids from viable and killed seed of Country 

Gentleman sweet corn 


Temperature 

Number of 
readings 

Colloidal 

index 

(standard 

30) 

Time 

leached 

(hours) 

Condition 
of seed 

° C. 

30. 

4 

12.40 

66 

Viable. 

20 —. 

4 

22. 50 

66 

Do. 

i 10,_... 

4 

74.20 

66 

Do. 

i 30.. 

4 

7.60 

66 i 

Killed. 

: 20 . 1 

4 

13.00 

66 ; 

Do. 

i ----I 

4 

43.20 

66 

Do. 

' 30.i 

4 

2.32 

96 

Viable. 

20 ... 

I 4 

3.00 

96 

Do. 

10 _... 

4 

1 

16.50 

96 

Do. 

30. 

1 4 

2.25 

96 

Killed. 

20 .... 

! 4 

2.40 

96 

Do. 

10 . 

4 

1 5.85 

96 

Do. 


I 


Other methods of controlling the growth of microorganisms have 
suggested themselves, the most promising being the leaching for 
longer periods at temperatures which inhibit or prevent their growth, 
and yet are not injurious to the seeds. (Compare Tables 1, 2, and 3.) 

Under conditions favorable to the rapid development of organisms, 
it may be surmised that the colloidal index becomes largely a measure 
of the dispersity of the microorganisms. That this is not the case is 
indicated by the samples in Table 3 which were leached at 10° C., 
a temperature not favorable for the rapid growth of bacteria and 
fungi. The relatively low colloidal indices of the sweet com soaked 
at 10° for 96 hours can be interpreted as due solely to the presence 
in such samples of membranes impaired by disease or otherwise and 
the consequent free diffusion of cell colloids through them. This 
view is further supported by comparisons of the colloidal indices of 
killed and viable seeds in Table 3. Here the corn subjected to 100° 
for one hour was killed and a change occurred in the protoplast, 
including the organic membranes. At the same time, at least partial 
sterilization is indicated. Nevertheless, the colloidal indices of the 
viable, unsterilized samples are consistently higher. Table 3 rep¬ 
resents only one of many similar tests, all of which have the same 
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trend. However, there can be no doubt that microorganisms do 
affect the suspensions. Whether the cause is physical (such as heat), 
chemical, or pathological, the weakened membrane permits the col¬ 
loids and soluble solids to diffuse through it with greater freedom. 
Concomitantly, the growth of microorganisms, because of the greater 
aoundance of food, has an upward tendency. This increased growth 
of microorganisms may actually raise the colloidal index by decreas¬ 
ing the colloids in suspension. This explains some of the discrepancies 
which will be noted later. 

It is quite probable that improved technic and the use of more 
sensitive instruments such as the photometer, instead of the nephelom- 
eter, will further increase the reliability of this test. The authors 
nave realized from the start that the use of filter paper in preparing 
the samples for nephelometer readings is open to criticism on the 
score that some of the suspension particles would be retained. The 
question is, as mentioned previously, whether filter paper is the 
source of greater errors for such uses as here outlined than those 
which are known to result from coalesced colloidal particles and the 
unavoidable presence of dust and refuse from the samples. In 
certain instances which, how r ever, have not been observed more than 
a half-dozen times in thousands of readings made, the leachings are 
viscous and approach the nature of a gel. Such liquids are virtually 
unfilterable, and in cases where the index of the filtrate alone is 
taken it is invariably too high. Ears Nos. 51 and 55 in Table 10 
are typical of this condition. 

In this connection an error due to the instrument itself may be 
mentioned. Kober (8) and Kober and Egerer (9) show that the 
amounts of precipitate in solution are not exactly in inverse propor¬ 
tion to the calibration on the scale. In cases where the density of 
the precipitate in the standard solution and the unknown are within 
10 per cent of each other (about 20 per cent wrhen the depths of the 
liquids are 60 mm.) accurate readings can be taken directly from the 
scale. If greater differences occur, corrections are necessary. For 
this purpose Kober (8) proposes a formula which has been used 
successfully by other wmrkers. Since the variations in the case of 
sweet corn samples are much wider than those encountered in the 
usual laboratory analytical w r ork, it is obvious that very wide differ¬ 
ences occur between the standard and unknown. In a relatively 
dense hydrosol, such as the standard used by the authors, the readings 
for the unknown solutions which contain a smaller percentage of 
colloids are subject to a greater error than in cases where the standard 
and unknowm are within 10 to 20 per cent of each other. Kober ( 8 ) 
show's that w r hen the ratios between standard and unknown are within 
10 per cent of unity, the edestin curve and the hypothetical curve 
(which is inversely proportional to the concentration of the solutions) 
are within 1.5 per cent of each other. It is evident that if very 
accurate readings are required it is necessary either to adjust the 
volumes of the solutions as indicated by Richards and Wells {12), 
to use the formula of Kober {8) and Kober and Egerer {9), or to 
vary the concentration of the standard. 

The application of Kober’s formula in this instance is open to 
question because of the fact that the composition of the unknown 
consists of a mixture of colloids while the standard is a starch solution. 
The adjustment of the volumes, or perhaps better still, the use of the 
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standard adjusted to varying heights, is the safer course. In the 
present paper the authors have avoided corrections because it is 
very probable that the same purpose can be accomplished by the use 
of a single standard set at a given point (30 mm.). Of course, there 
is a sacrifice to accuracy, but it is doubtful whether absolute accuracy 
is essential in experiments such as this, where the range is determined 
only by the limits of the nephelometer scale. It is well to remember 
that when hundreds of samples in a series are ready to read, the work 
must be completed within a few hours, otherwise serious errors will 
occur on account of the differences in time for diffusion between the 
first and the last members of each series. Where the filtered samples 
are held there is danger of coalescence. 

THE EFFECT OF PHYSICAL INJURIES ON THE PROTOPLAST 
INDUCED BY ARTIFICIAL CURING, AS MEASURED BY THE 
QUANTITY OF LEACHED MATERIAL 

Although some data have been presented which indicate that both 
the refractometer and nephelometer tests are delicate in the measure¬ 
ment of the quantity of material leached from seeds differently 
treated, nevertheless the authors have deemed this phase of the investi¬ 
gation sufficiently important to add a series of tests on viable, yet 
injured seeds. As previously stated, this studt^ is the offshoot of 
an experiment to determine the heat resistance of immature sweet 
corn. 

Country Gentleman sweet com was picked at three different stages 
of maturity and dried in a specially constructed seed-corn drier 
provided with wire shelves at different heights so that three temper¬ 
atures, 47°, 43°, and 37° C., called high, medium, and low, respec¬ 
tively, in Table 4, could be maintained. Circulation was provided 
by means of a forge blower, while the heating arrangements consisted 
of large electrical heating units located at the base of the drier. 

Table 4. —Effect of physical injuries caused by artificial curing on the quantity of 

material leached 


j ; Greenhouse test 


Temperatuie m drier 

Time in 
drier 
(hours) 

Initial 
moisture i 
(per cent) i 

Mean 
germina¬ 
tion (per 
cent) 

Mean increases 
over controls 

Refrac- . 
tive 
index 

Colloidal 

index 

Green 

weight 

(gm.) 

Height 

(mm.) 

High.. 

48 

! 

69 ; 

3.8 

-0 16 

-63.8 

1.33505 

2.18 

Medium...__ 

48 

69 ; 

17.5 

-0.19 

-66.2 

1.33514 

4 09 

Low... 

48 

69 

41.2 

-0.19 

-35.3 

1.33476 

6.60 

High.... 

% 

69 ! 

0 

-0.26 

-112.2 

j 1.33560 

1.98 

Medium.- 

96 

69 

12.5 

-0.25 

-85. 2 

1.33491 

3.09 

Low__... 

; 96 

69 ; 

33.8 

-0.22 

-48.4 

1 1.33482 

5.56 

Room. 


, 69 

70. (J 1 

-0.02 

11.1 

1 1.33443 

12.30 

High_ ..... 

48 

44.2 j 

98 8 

1 0.30 

61.8 1.33410 

27.72 

Medium... 

48 

44.2 

100 . u 

0.18 

53.6 

1.33408 

30.65 

Low. 

i 48 

I 

! 44.2 j 

93.8 

0.28 

52.0 

1.33414 

21.72 

High.. 

j 96 

; 44.2 j 

71.2 

-0.01 

-11.8 

1.33442 

9.72 

Medium. 

! 96 

44.2 i 

98.8 

0,26 

66.0 

1.33422 

18.05 

Low..... 

, 96 

' 44.2 1 

83.8 

0.21 

45.7 

1.33424 

20.82 

Room.. 

i 

44.2 t 

1 ! 

97.5 

0.66 

92.7 

, 1.33400 

51.30 
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The initial moisture contents of the two pickings reported in Table 
4 were 69 per cent and 44.2 per cent, respectively, computed on the 
dry basis. Duplicate readings were taken of duplicate samples from 
each ear. Thus the figures in Table 4 are the averages of eight read¬ 
ings. The samples were soaked at 30° C. for 48 hours, the proportions 
being 5 gm. of sweet corn in 50 c. c. of distilled water. The nephe- 
lometer standard was set at 30 mm. and the refractive indices were 
read at 21°, 

In Table 4 the corn with 69 per cent initial moisture shows clearly 
that the quantity of leached material increases in relation to the 
degree of injury to the protoplast as affected by temperature and by 
the period of exposure. The injury done by such treatments is 
clearly manifested by the germination and growth of the seedlings 
and the refractive and colloidal indices. The latter, it will be noted, 
are in close agreement with the former. In cases where the initial 
percentage of moisture is 44,2 the agreement is not so close, but this 
is exactly what is to be expected in a case where the external factors 
have little or no injurious effect. The data in Table 4 show how 
remarkably sensitive the protoplast really is and that even slight 
changes in external conditions are sufficient to modify the permea¬ 
bility and the subsequent growth. 

The growth records for the entire series have been correlated with 
the respective refractive and colloidal indices obtained from identical 
samples just previous to planting, and are given in Table 5. The 
frequency distribution in Table 6, which also gives the methods of 
calculation in detail, shows the close agreement between permeability 
and subsequent growth. 

Table 5. —Correlations between seedling characters and instrument readings for 116 
ears of Country Gentleman sweet com cured by artificial heat 


Seedling characters 

Refractive index 
(21° C.) 

Colloidal index 
(Standard 30 mm.) 

Per cent germination..... 

r xl/ =0. 592±0.041 

r X]/ =0. 034i:0.037 

Difference in height as compared with control. 

.360± .055 

Txa— . 680=b .034 

Difference in green weight as compared with 



control... 

r x „= . 343db .055 

r*„« . 093db .033 
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Table 6 . —Correlation between the colloidal index and the difference in green weight 
of seedlings from sweet corn cured by artificial heat 


Green weights fgtn) 



to 2 x = 28.196 — v?x =8.873 <r„= Vn-932=3.454 P. E. r = ±0.033 

Tt 


wy = irl = 2 - 776 ff.-V8.873-2.979 -w x w u = 7 .131 

In Table 5 the values of r indicate that there is a somewhat close3 
degree of association between the colloidal index and the seedling 
behavior than in the case of the refractive index. This is to be 
expected for two reasons: ( 1 ) The content of soluble solids in seeds 
is relatively low and the Abbe instrument is not entirely reliable for 
readings in the fourth decimal place; and ( 2 ) since the colloids play 
by far the more important physiological role, the quantitative loss 
as measured by the nephelometer is a closer index of injury to the 
protoplast. This lack of entire agreement between the refractive 
and colloidal indices is brought out in Table 7, which has been cal¬ 
culated from a series of 500 ears not injured by heat. The correla¬ 
tion coefficient for this distribution is 0.713 ±0.015, showing that 
there is a very significant tendency for the colloids to vary in relation 
to the total solids, but on account of the limitations of the Abbe 
instrument and the small precentages of soluble solids, the agree¬ 
ment between them is by no means perfect. 
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Table 7. —Correlation between refractive and colloidal indices in a series of 500 
ears of Country Gentleynan sweet corn selected frotn the field 



INFLUENCE OF THE STRUCTURE OF THE PERICARP ON 
PERMEABILITY 

The question of the influence of the pericarp on the rate of diffusion 
of colloids naturally presented itself. Koritz 3 has measured the 
resistance of the pericarp of sweet corn to puncture. He found that 
there is no uniformity in resistance to puncture either among kernels 
on a single ear or between different ears in the same open-pollinated 
strain of sweet com. This is to be expected on account of the hybrid 
nature of sweet corn. His investigations, however, lead to the con¬ 
clusion that quite the opposite is true in F 3 self-pollinated, apparently 
homozygous lines. Here the resistance to puncture was uniform, 
both as to individual kernels on the ear and between different ears in 
the same strain. As Koritz and the authors collaborated by using 
the same samples in this series and made their respective observations 
at the same time, it is possible to compare the two sets of data. 

The coefficient r xv — 0.104 ± 0.061 is obtained when the penetration 
values of the 98 ears mentioned in Table 10 are correlated with the 
corresponding colloidal indices. This coefficient is less than twice 
the probable error and its significance is very slight. It was deemed 
advisable to confirm these observations with readings from pure 
line strains, especially in view of Hibbard’s (6) observations that there 
is as much variation in behavior toward distilled water within pure 
lines as in a mixed progeny. 

A further comparison was made between 68 ears selected from F 3 
pure lines of Narrow Grain Evergreen sweet corn and 78 ears from F 3 
pure lines of Country Gentleman sweet com. Owing to the scarcity 
of available material it was impossible to secure sufficient ears from a 


3 KORITZ, L. A. A STUDY OF TH? PHYSICAL PROPERTIES OF THE SWEET CORN PERICARP. [Unpublished 
thesis. Copy on file, Univ. Ill. Libi.] 
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single strain. Several strains were utilized and the penetration 
values with the respective colloidal indices of a few are given in 
Table 8. It will be noted that the penetration values are remarkably 
uniform, while the colloidal indices vary widely. These data indicate 
that the structure of the pericarp, as measured by a puncturing 
device, is not correlated with the rate of diffusion which varies inde¬ 
pendently. This is shown further by the coefficients of correlation 
between the colloidal indices and the respective penetration values. 
For the F 3 Narrow Grain Evergreen strains r iy = 0.177 = 0.056 and for 
the F 3 Country Gentleman strains r x „ — 0.022 ± 0.039. Neither of 
these coefficients has much significance. 

Table 8 .— The relation between penetration values and colloidal indices in Fz self- 
pollinated strains of sweet corn 


Strata num-! Varict} . 

Pene- j 
tration 
value i 

c dal“ ; Stramnum- 
index ber 

Variety 

Pene- , 
tration 1 
value 

Colloi¬ 

dal 

index 

306-19 I Country Gentle- 

| j 

207-446 

Narrow Grain 

( 


i man._. 

i 78 2 

17.2 

Evergreen. 

43.9 

37.5 

J 

I 76.0 , 

18.4 | 


43 9 l 

24,6 

] 

! 76.0 I 

12.4 


47 7 l 

30.0 

! 

1 76 6 

16.6 j 


38.1 i 

47.5 


; 76.0 

40.2 


' 47 7 

21.2 

i 

15-2 

52.i: 


43.9 

20.2 


! 77. 7 ' 

19.4 | 


' 47.7 

3S.G 

334-82 ! Country Gentle- 


I 


44.1 ' 

19 8 

i man—. 

j 46.4 j 

52.2 ' 24S-493 

i Narrow Grain 

I 



; 45.3 , 

37.9 1 

Evergreen. 

41.2 : 

32.0 


j 45.9 

39.9 1 


41. 1 i 

17.9 


1 47.5 

28.3 


41. 2 

37.2 

1 

i 47.5 - 

33.2 


41.2 1 

36. 5 

j 

1 47 9 

51.2 


46. 0 

6.8 

> 

1 47.5 

58 6 


50. 4 ! 

22.9 


47.7 

27.1 ' 


41.1 , 

32.8 


| 47.5 

40.2 1 ! 


41.2 | 

69.2 

j 

[ 47.5 , 

15.2 ; 


43.0 : 

26.6 


The coefficients of correlation for the entire F 3 population have been 
summarized in Table 9. These coefficients are just as significant as 
in the case of the open-pollinated strains, indicating that permeability 
is just as variable. It is interesting to note that, as shown in Table 8, 
there is a tendency for certain strains to have a higher range of 
colloidal indices than others. This brings up the question of the 
relation of colloidal ipdices to disease susceptibility found in homozy¬ 
gous strains. 

THE VALUE OF THE NEPHELOMETER TEST UNDER PRACTICAL 

CONDITIONS 

For the purpose of further determining the reliability of the nephe- 
lometer test, a series of 98 ears was selected from a single open- 
pollinated strain of Country Gentleman sweet corn. These ears 
were classified according to the rag-doll test, but only two of the 
largest classes are given in Table 10. When the colloidal indices are 
compared with the respective rag-doll and greenhouse percentages 
of germination, it will be found that there is very close agreement. 
Occasionally an ear found good by the rag-doll test is pronounced 
poor by its low colloidal index. Greenhouse and field tests almost 
invariably support the quality as indicated by the nephelometer 
test of such an ear. 
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Table 9. —Correlations between seedling behavior and colloidal indices in a popu¬ 
lation of F z inbred strains of two varieties of sweet corn 


Seedling character 

] 

Colloidal index of— 

Narrow' Gram 
Evergreen 

Country 

Gentleman 

Germination (greenhouse)____ 

0.554db0.057 
. 414=3= . 067 

. 408± . 068 

0.504=1=0.057 
.410=3= .064 * 

. 444=3= . 061 

Difference in height as compared with control.... 
Difference in green weight as compared with 
control___ 



Table 10. —Relation between seedling behavior and colloidal index in part of a 
98-ear series of Country Gentleman sweet corn when rag-doll readings are con¬ 
stant (100 per cent) 





Greenhouse test 




Greenhouse test 

Ear No. 

Colloi¬ 
dal 
index 
(stand¬ 
ard 30 
mm.) 

Rag-doll 

test— 

seedlings 

diseased 

Ger¬ 

mina¬ 

tion 

(per 

cent) 

Average in¬ 
creases over 
control 

Ear No. 

Colloi¬ 
dal 
index 
(stand¬ 
ard 30 
mm.) 

Rag-doll 

test— 

seedlings 

diseased 

Ger¬ 

mina¬ 

tion 

(per 

cent) 

Average in¬ 
creases over 
control 


(per cent) 

Height 

(mm.) 

Green 

weight 

(gm.) 


(per cent) 

Height 

(mm.) 

Green 

weight 

(gm.) 

2 

27.3 

None 

95 

—19.0 

-0.37 

11 .. 

51.0 

None. 

100 

—42.1 

-0.50 

13. 

38 4 
37.2 

None. 

100 

-18.8 

-0.47 

12 . 

26.1 

None 

100 

-22.4 

-0.24 

3. .. 

None. 

100 

9 0 

0.03 

4.. 

30.6 

None 

95 

17. 5 

0.15 

6 . 

25.8 

None. 

100 

32 5 

0.17 

15_ 

32.4 

None. 

100 

-23.0 

-0 20 

28. 

32. 7, 

None. 

100 

90 

95 

-3.2 

-0.16 

8 . 

26 1 

None 

100 

45.8 

0.93 

19 . __j 

26 7' 

None. 

-4.6 

0.10 

17_j 

24.6 

None * 

95 

35.0 

0.67 


9. 3; 

None 

14 0 

0.15 

20 _ 

38.4 

None. 

95 

9. S 

0.36 

1 .. 

30.3 

None 

90 

—57.2 

-0. 80 

59_ 

9.6 

40 

50 

-167.1 

—1.54 

7_ 

24. 3 

None. 

100 

29.7 

0. 56 

60. 

6 0 

40 

70 

-113.9 

-I 10 

24. 

42.0, 

45.0 

I 40 5i 

None. 

100 

33.7 

0 . 08 

53. 

11.7 

40 

90 

-32.3 

-0.53 

5.. 

None. 

100 
i 100 

34.7 

0.47 

57.. 

3.3 

40 

60 

-77.2 

-0.62 

14. 

None. 

10.8 

0.28 

47.. 

7.5 

40 

50 

-118. 3 

-1.06 

26. 

28- S] 

None. 

100 

27.2 

0.14 

56_ 

6 .3 

40 

70 

-53.6 

-0.35 

27. 

75.6 

None. 

85 

—35.4 

-0.29 


12.6 

40 

70 

—75.1 

-0.78 

18 - 

49.2] 

None. 

95 

2.6 

0.12 

! 54. 

1 .5 

40 

35 

-136. 8 

—1.00 

22 . 

36.1 

None 

100 

2.8 

0.08 

, 50. 

6.0 

40 

45 

—121.4 

—0.96 

25. 

34.2 

i None. 

100 

31.8 

0.07 

55 «. 

18.0 

40 

70 

—41.6 

—0.25 

9. 

36. 6 

None 

90 

39.1 

1.75 

il 52... 

50.4 

40 

40 

85 

65 

11 . 8 

0.25 
—0.18 

16 . 

39.0 

• None. 

100 ! 18.3 

0.50 

! 58.. 

4.2 

—44. 7 

23. 

38.4 

None. 

85! 4.5 

0.28 

1 51 «_ 

51.6 

40 

85 

-4.2 

—0.03 

10 . 

65.7 

None. 

100; 52.4 

i 

1.85 

! 48. 

15.6 

40 

60 

-65. 3 

-0.33 


a Filter very slowly. 

Note.— Colloidal index readings from 10 gm. corn in 50 c. c. distilled water soaked at 30° C. for 72 hours. 


It is of interest to note that samples taken from the 28 ears which 
show 100 per cent germination and are free from disease, as shown 
by rag-doll germination, are not in all cases in agreement with the 
nephelometer test. The colloidal index, 9.3, for ear No. 21, for 
example, indicates a poor quality ear; but by rag-doll and green¬ 
house tests it is of good quality. The opposite is true of ear No. 27. 
On the other hand, in the samples from ears which show 100 per cent 
germination and are 60 per cent disease-free, the agreement with the 
nephelometer test is much closer. The tendency for the green 
weights and heights of seedlings to agree more closely with the 
colloidal indices when the permeability of the protoplast has been 
increased through injury or disease, is one which the authors have 
frequently observed. The cause of this tendency is probably the 
earlier inhibition of measurable growth in cases where the injuries 
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due to disease are severe. If the weakness is slight, as in the case 
of the 28 ears which showed 100 per cent rag-doll germination and 
were free from disease, early seedling growth gives no visible evidence 
and there results an apparent disagreement with the colloidal indices. 
It is better to consider ears showing this discrepancy of questionable 
quality and to eliminate them. Further tests in the field will almost 
invariably show that such ears are susceptible to later injuries and 
disease. In some very favorable seasons they will do well, but under 
adverse conditions will rapidly deteriorate. Similar results were 
obtained by Burkholder (4) with beans. The same tendency has 
been observed on a much larger scale in connection with the" tests 
covered by Table 16, which will be referred to in their place. 

The data for the entire series of 98 ears are given as frequency 
distributions in Tables 11, 12, and 13. The respective coefficients 
of correlation have been calculated. In Table 11 the colloidal in¬ 
dices and percentages of greenhouse germination are in fairly close 
agreement, which confirms the observations made from Table 10. 
The coefficient of 0.498 ± 0.051 from Table 11 shows that a close 
degree of association exists. 

In Table 12 the seedling heights and the colloidal indices are sim¬ 
ilarly compared, and from the coefficient of 0.534 ± 0.049 it is evident 
that the association is even closer, due to the fact that most of the 
seedlings are smaller than the controls. This shows further that in 
cases where the protoplasts are severely injured seedling growth will 
be in closer accordance with the colloidal index than it will in cases 
where the protoplasts are slightly injured. 

Table 13 contains a comparison between the colloidal indices 
and the green weights of the seedlings from which a coefficient of 
0.547 ± 0.048 is obtained. Here again there exists the same relation¬ 
ship as shown in Table 12, which further supports the conclusions 
already drawn. 


Table 11 .—Correlation betweeri the greenhouse germinations and colloidal indices 
in a single strain of Country Gentleman sweet corn 



rxv*0.49S±Q.05L 

58359—27-5 
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Table 12. — Correlation between heights of seedlings and colloidal indices in a 
single strain of Country Gentleman sweet corn 



Heights of seedlings (nun.) 


Colloidal 

indices 

Less than control 

More than 
control 

m 


250-226 

225-201 

200-176 

175-151 

130-126 

125-101 

100-76 

75-51 

50-26 

25-1 

0-24 

25-49 

50-74 


1-4.. 


1 

1 

2 

2 


1 

1 

1 





9 

5-8. 

i 

1 

1 

4 


5 


1 

3 

2 



_ 

18 

9-12. 


1 


2 



5 

1 

3 


1 

2 


15 

13-1 fi 


1 






5 

1 

5 


1 


13 

17-90 







I 

1 

3 

1 

2 

1 


9 

9l_9d 1 









1 

1 

2 


4 

OR 










4 


3 


7 

29-32 








1 


i 

1 

1 


4 

33-30 










1 


1 


2 

37—40 










1 

5 

1 


7 

41-44 










1 




1 

45-48 












1 


1 

*9-52 ! 








1 

I 

2 



4 

r i3-56 










1 



1 

57-60 





1 








1 

01 -64 1 













____ 

65-68 












1 


69-72 














73-76 








1 





""’I 

77-80 1 








1 





i 








i. 







fx.. . 

1 

4 

2 

8 

2 

6 

7 

10 

13 

18 

13 

13 

1 

98 


r^=0,534±0.049 
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THE RELATIVE VALUE OF THE OPTICAL TESTS IN RELATION TO 
GERMINATION AND SEEDLING VIGOR 

It will be noted that the correlation coefficients exhibit a consider¬ 
able degree of variation. The significance of such variation may be 
explained, first, on the basis that the number of seeds used in making 
both .growth and instrument readings is relatively small; second, on 
the basis that in the better seeds the dispersity of the colloids is 
extremely high and, consequently, for reasons which have already 
been discussed, the reliability of the readings on the nephelometer 
scale rapidly decreases. This lack of reliability where the dispersity 
is high in no wise affects the usefulness of this test, since before this 
condition is reached the seeds are of a superior class. 

Further evidence in support of the nephelometer test is given in 
the frequency distribution as shown in Table 6. The variability 
of the colloidal indices increases in relation to the increases in green 
weight, and this is further strikingly supported by the behavior of 
the untreated series of ears in Table 13. Comparisons of the colloidal 
indices with germination as shown in Table 11, and with the heights of 
seedlings, as shown in Table 12, still further support the nephelometer 
test. 

In order to determine precisely the extent of the variability in 
both the nephelometer and refractometer tests, the readings from 
two large series have been classified and the standard deviations 
O) calculated and presented in Tables 14 and 15. The values 
of <r for series 2, shown in Table 14, are given for both the rag- 
doll and greenhouse germinations. In this case the percentages 
represent readings from the same ears. No rag-doll records are given 
for series 1. It was impossible for the authors to secure enough ears 
in each 10 per cent class as here noted to give a reliable standard 
deviation. In cases where the number was not sufficient, the classes 
were omitted. A sufficient number of classes are represented, how¬ 
ever, to show the trend distinctly. 

The deviations for the colloidal indices in series 1 when arranged 
according to the percentages of greenhouse germination increase 
gradually up to 90 per cent. Beyond this point the deviation more 
than triples, which again shows that superior seed has a low r colloidal 
leaching. This is not entirely supported by the distributions as 
shown in Tables 12 and 13. These tables show' that a number oi 
seeds with low' colloidal indices gave high grow'th tests in the green¬ 
house- This apparent discrepancy between low' colloidal index and 
high seedling grow’th vigor in the greenhouse, when followed in the 
field, vastly increases the claim of reliability of the nephelometer test. 
Field tests will show' that seeds apparently vigorous in the germinatoi 
and in the greenhouse will fail to maintain this standard in the field. 
This is especially true w T hen conditions are unfavorable. 

In series 2 the trend is very similar, but more gradual. The rag-doll 
readings in series 2 show' that the deviations in colloidal index become 
large w'hile the germination is still extremely low, but this wrould be 
expected from the known unreliability of the rag-doll test. 



164 


Journal of Agricultural Research 


Vol 35, No. 2 


Table 14 .—The standard deviations of the optical readings in relation to 

germination 


Germination (per cent) 

Colloidal index of— 

Refractive index of— 

Series 1 

Series 2 

Series 1 

Series 2 

Greenhouse: 

0-10 . 

1 614=5=0.140 


0.0006540:5=0.0000600 


10-20 

1.896=5= .404 

1 416=5= . 390 
2.448=5= . 389 


.0003162=1= .0000533 


20-30 . 

— 

0.0001939=1=0.0000414 
.0001707=1= .0000271 
.0001920=1= .0000276 
. 0001925:4= .0000211 
. 0002450=5= .0000261 
.0001986=1= .0000158 
.0002532=1= .0000120 
. 0002149=1= .0000607 

30-40... 


.0001662=1: .0000264 

40-50 


50-60. 




60-70. 


11.412=5=1.217 
12.240db 973 
14.880=5= .703 
17.760=5= .502 

. 0000980=5= .0000209 
.0001662=1= .0000250 
.0001732=1= .0000206 
. 0002456=b . 0000210 

70-80. 

2. 616=5= . 394 
3.444d= . 411 
12. 52S=fcl. 073 

80-90... 

90-100.. 

Normal rag doll: 

0-10 

10-20 .. 





20-30 . 




. 0002724=1= .0000392 
. 0003645=1= . 0000524 
. 0002771d= . 0000353 
. 0002728=5= .0000307 
. 0002663d= . 0000224 
. 0002161:5= . 0000143 
. 0002315=1= . 0000109 

30-40 _ 


6. 880:5= . 9S9 

15. 620=5=2.374 

16. 772=5=1.885 
20 952=5=1 766 
13. 996=5= . 926 
36. 496=b . 775 
17.224=5= 530 


40-50_ _ ! _ 


50-60__ 



60-70..... 



70-80_ . „ , 



80-90 _ 



90-100. 



. 0002256=5= . 0000069 





Table 15 .—The standard deviations of the optical readings in relation to green 
weights and heights of seedlings 


i 

Colloidal index 
of 

Series 1 

Refractive index 
of 

Series 1 

Green weight (in grams) as compared with controls: 

—0.60 to -0 41... 

2. 064=1=0.402 

1. 818=5= . 149 

j 3. 987=b . 342 

! 5. 424=5= . 480 

| 10. 731=fcl. 241 

1 9. 810=5=1. 560 

1 

1.479=5= . 204 

1,926=5= . 192 

2. 682=5= . 294 
10.419=5=1. 205 

7. 185=5= . 831 

9.300=5=1.230 

i 

—0.40 to —0.21 

i 0. 0007142=1=6.6666584 
j .0003958:5= .0000339 

1 . 000224S=fc . 0000277 

! .0001846=5= .0000214 

j . 0001572± .0000250 

i . 0004230=5= . 0000582 

, . 0007734=3= .0000769 

j . 0003864=b . 0000423 

i . 0002916:5= 0000337 

, . 0001912=1= .0000221 

j .0001442=5= .0000191 

-0.20 to -0.01—... 

Oto 0.19—. 

0.20 to 0 39—.— 

0.40 to 0.59... 

Height (m millimeters) as compared with controls: 

-140 to -151.... 

-100 to -61..... 

-60 to -21. 

-20 to 19... 

20 to 59... 

60 to 99... 



In Table 15 the standard deviations of the colloidal indices are 
arranged with reference to the green weights and seedling heights. 
In both cases deviations become larger as the vigor of the protoplast 
increases. There is some tendency for the deviations to decrease 
where growth is exceptionally vigorous, but this could not be con¬ 
firmed on a larger scale because of the extreme scarcity $f such ears. 

When the coefficients of correlation for three different series are 
arranged in an ascending order with respect to their mean percentages 
of germination (Table 16), it will be found that the correlation 
coefficients for the colloidal indices decrease. This is due simply to 
the greater variability which is always found where the protoplasts 
are only slightly injured and emphasizes the limitations of seedling 
tests, whether rag-doll or greenhouse. Table 16 also confirms in a 
very decided way the data in Tables 14 and 15. 

The corresponding deviations for the refractive index readings in 
series 1 and 2 are also compared in Tables 14 and 15. In series 1 
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there is some tendency for the deviations to decrease in relation to 
the increased vigor of the seedlings, but this is not sufficiently definite 
to be taken into consideration. In series 2, Table 14, the deviations 
vary but not in a definite direction. The authors believe that the 
variation in size of the standard deviation with respect to the 
refractive indices is largely due to experimental error. It is known 
that the soluble solids consist mainly of sugars and a small proportion 
of electrolytes. The total percentage is small and the range of 
refractive indices is, therefore, somewhat constricted, 1.3340 to 
1.3360, with the larger part of the readings falling between 1.3343 
and 1.3346. When this is coupled with the fact that the fourth 
decimal place is merely an approximation in the Abbe refractometer, 
it is evident that the standard deviations are largely a matter of 
chance. 

This absence of greater variability at one end of the scale than at 
the other is a valuable characteristic, furnishing a check on the 
colloidal indices. The association between the two tests is close, as 
indicated by the high coefficient obtained from Table 7. 

m 

Table 16 .—The relation between the mean percentage of greenhouse germination 

and the uephelometer test 


* 

Source 

Greenhouse tests 

Correlation coefficients Mean 

1 eermi- 

f ! i nation 

E(i£ht £S> 

Table 5..-.... 

1 0. 634d=0.037 ! 0 6SOd=0. 034 i 0.693±0.033 55.8 

! . 498± .051 ! .534d= .049 i .547rfc .048 70.5 

.374±.026! ,341d= • 027 I .313± .027 86.5 

1 1 ‘ ! 

Tables 11,12,13..._ 

500 ears, not previously given__ 



SUMMARY 

The permeability of the protoplast to colloids may be measured 
by their dispersity in distilled water leachings. 

The healthy and vigorous protoplast allows only small quantities 
of colloidal materials to leach through its membranes. 

Injury or disease may result in physical and chemical changes 
within the protoplast and in a weakening of the semipermeable 
properties of its membranes. 

The vigor and subsequent ^row T th of the seedling, aside from its 
genetic constitution, is determined by the state of the protoplast. 

The total soluble solids in distilled water leachings as determined 
by the refractive index are likewise a measure of permeability. 
Because of the small percentage of total solids present and the 
limitations of the instrument this test is not quite as responsive as 
is the colloidal index. 

The total leachings from the protoplast are in no wise related to the 
resistance of the pericarp to puncture. 

Neither the rag-doll nor growing tests, whether conducted in the 
greenhouse or in the field, measure a weakened condition of the 
protoplast as conclusively as the optical tests. 
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FACTORS INFLUENCING THE LOSS OF IODINE FROM 

IODIZED SALT 1 


By Arnold H. Johnson and B. L. Herrington, Chemistry Department , Montana 
Agricultural Experiment Station 2 

INTRODUCTION 

The prevalence of goiter in certain sections of the United States 
has resulted in the general use of iodized salt for both man and 
animals. The State of Montana lies in one of these so-called “ goiter- 
ous” regions, and in order to prevent goiter and its associated condi¬ 
tions of weakness in farm and ranch animals, the veterinary depart¬ 
ment has recommended the use of stock salt containing 1 ounce of 
potassium iodide to 100 pounds of the salt. 3 This salt is frequently 
prepared in large quantities and stored in convenient places on the 
range. After it has been in storage for several months or longer, 
stockmen have noted that brown specks appear scattered throughout 
the mass. The question was accordingly raised whether these brown 
specks were due to discoloration by iodine which had been freed from 
combination with the potassium. If the discoloration were due to 
iodine then some iodine would also escape into the atmosphere and 
the remaining salt would contain less of it. The study to be reported 
in this paper concerns itself with the loss of iodine from iodized salt, 
the factors which influence its loss, and methods for preventing it. 

HISTORICAL 

It is a common observation that solutions of potassium iodide 
become yellow or brown with age. The brown color of these solu¬ 
tions is due no doubt to the formation of free iodine resulting from 
the decomposition of potassium iodide. Concerning the mechanism 
or the dynamics of the change, little definite information is available. 
Exposure of the solution to sunlight apparently hastens the decom¬ 
position. 

It is probable that the same factors which operate to liberate 
iodine from solutions of potassium iodide will operate in a similar 
way to produce free iodine in an iodized salt. Fellenberg (5) 4 finds 
that iodized salt in ordinary storage in a grocery store loses iodine. 
Since he found that the purer the salt the lower the loss of iodine, 
McClendon (13) suggests that the loss is probably due to the presence 
of nitrites or nitrates which oxidize the iodide to iodine, which then 
volatilizes into the air. Fellenberg (5) has determined the impurities 
likely to be present in salt. He found no correlation between the 


1 Received for publication Mar. 25. 1927; issued August, 1927. Published with the approval of the 
director of the station. 

s The writers extend their thanks to Dr. Howard Welch, of the veterinary department, for his interest 
in this work and for the suggestions which he has made from time to time. It was he who originally sug¬ 
gested that the problem be investigated and who furnished some of the materials used in the investigation. 
The writers also desire to thank Dr. W. S, Bole for his kind ness in permitting the use of his apparatus for 
producing ultra-violet and infra-red light. 

3 Since the beginning of these experiments, unpublished results of the veterinary department indicate 
that stock salts carrying as low as 0.02 per cent of KI are effective in preventing goiter. 

* Reference is made by number (italic) to “ Literature cited,” p. 183 , 
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Mg, Ca, S0 4 , Fe, and Al content of the salt and the quantity of iodine 
lost during storage. 

Since iodine should not escape so readily from an alkaline medium, 
this same investigator ( 5 ) prepared an alkaline iodized salt by the 
addition of 0.693 gm. of potassium carbonate per kilogram of the salt. 
In several instances this alkaline salt retained more of its iodine than 
ordinary iodized salt when the two salts were stored under comparable 
conditions. Fellenberg (■ 5 ) also investigated the distribution of iodine 
stored in containers of such a nature that he could obtain upper, 
middle, and lower layers of the salt. He found that in every case the 
iodine content was lowest in the middle layer and greatest in the lowest 
layer. This phenomenon he attributed to the solubility of the potas¬ 
sium iodide in the moisture of the salt and its transportation to the 
surface by capillarity. At the surface it concentrates owing to the 
drying out of the salt. Fellenberg also states that slightly moist 
salt retains its iodine better than dry salt and, further, that iodized 
salt loses its iodine as it drys out. 

Fellenberg ( 4 ) determined the hydrogen-ion concentration of solu¬ 
tions of stored salt from time to time. If iodine were lost from the 
salt then the remaining salt should be more alkaline, due probably 
to the formation of potassium bicarbonate. Fellenberg, however, 
observed no significant changes in hydrogen-ion concentration. 

Exposure to air and light are likely to affect the rate of loss of iodine 
from materials containing it. Several workers have detected iodine 
in the atmosphere. Chatin ( 2 ) was able to classify regions as goiter- 
ous or nongoiterous according to the iodine content of the air. Gau¬ 
tier ( 11 ) found appreciable quantities of iodine in sea air, less in air at 
Paris, and none in mountain air. The iodine which this last worker 
detected was all present as organic iodine. Fellenberg ( 8 ) has deter¬ 
mined the influence of exposure to light and air on the loss of iodine 
from materials containing it. He stored sea water from two sources 
for periods of two to seven weeks in darkness and in daylight, in 
still air and in moving air. Only the sea waters which were exposed 
to a current of air appeared to lose any iodine. Whether stored in 
darkness or in daylight made no difference in the quantity of iodine 
lost. 

Another means by which iodine could be liberated from materials 
containing it is by the action of molds or bacteria. This means is of 
special significance in the case of stock salts which may be scattered 
or kept in blocks on the ground or fed in troughs which become 
contaminated with soil. 

Fellenberg, Geilinger, and Schweizer ( 10 ) found that certain 
agencies in the soil act on potassium iodide to liberate iodine. When 
a strip of moist starch paper was suspended in a beaker containing 
soil with added potassium iodide, it turned blue in a short time, 
indicating the liberation of iodine. The evolution of iodine into the 
atmosphere occurred more readily in unfertilized than in fertilized 
soils. This might indicate that the nitrites or nitrates of the soil 
were not responsible for the reaction. It is quite likely, however, 
that iodine was also liberated in the fertilized soils but reacted with 
and was bound by the organic matter. 

Concerning the mechanism by which the iodine was liberated, 
Fellenberg, Geilinger, and Schweizer ( 10 ) state that the reaction 
was due neither to bacteria nor enzymes but to inorganic catalysts. 



July is. 1927 Factors Influencing Loss of Iodine from Iodized Salt 169 


The ferric ion seems the most likely catalyst- Corresponding soils 
containing ferrous iron liberated some iodine, but the reaction was 
less rapid. In the case of soils of low iron content the liberation of 
iodine was more rapid at the higher hydrogen-ion concentrations. 

Fellenberg and Geilinger (9) also found that Bacillus coli, Aspergil¬ 
lus niger , and various molds bound free iodine when cultured in 
neutral media. These microorganisms were not specific or active, 
but purely passive in their ability to react with free iodine. The 
iodine merely combined with the protein of the microorganism as it 
would with any nonliving protein. 

EXPERIMENTAL 

ANALYTICAL PROCEDURE 

The best method of determining minute quantities of iodine which 
may be present in a material are those developed by Fellenberg 
(4, 6, 7) and by McClendon (13). ^ The quantity of potassium iodide 
used in iodized salt, however, is sufficiently large so that other 
methods were found more convenient. The iodized salts on the 
market in this country contain several hundredths of a per cent of 
potassium iodide, while the stock salt recommended by the veterinary 
department of the Montana Experiment Station contains 0.062*5 
per cent. 

For the determination of such quantities of iodine as these, a modi¬ 
fication of Kendall's method (12) was found most suitable. Accord¬ 
ing to this method the iodide is oxidized to iodate by means of bromine. 
The excess bromine is then expelled by boiling, the last traces being 
removed by treatment with salicylic acid. After acidification with 
H 3 P0 4 , potassium iodide is added and the liberated iodine titrated 
with standard thiosulphate solution. The thiosulphate solution used 
was approximately 0.01 normal. One cubic centimeter of such a solu¬ 
tion is equivalent to 0.0002116 gm. of original iodine. Through¬ 
out all the work the thiosulphate solution was checked against a 
standard solution of potassium biniodate. This method may be 
used when large quantities of sodium chloride are present. When 
relatively small quantities of bromides are present, however, low 
results are obtained. 

THE SALTS USED 

The iodized salts were prepared from three types of commercial 
salts varying in size of particle. On the market these salts are 
known as table salt, hay salt, and stock salt. The salts were obtained 
from a salt manufacturer of Salt Lake City, Utah. 

In the preliminary vrork attempts were made to prepare the 
iodized salts by adding potassium iodide to the salts in the form of a 
powder. Using this method it was found extremely difficult to 
obtain duplicate samples which would contain the same quantity of 
iodine. This was particularly true of the coarse stock salt. Since 
preliminary experiments indicated that some other method of pre¬ 
paring the iodized salt would have to be found, in order that uniform 
samples might be obtained, experiments were performed in which an 
aqueous solution of potassium iodide was added to the salt. It was 
thought that by this method the potassium iodide would be distrib- 
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uted more uniformly throughout the mass of salt and that on drying 
it would adhere to the salt particles. In any case the evaporation of 
the w r ater would leave the potassium iodide more finely divided than 
by the previous method. By following this procedure it was possible 
to obtain more concordant results. It was accordingly adopted. 

RESULTS 

In giving the results which were obtained when the various iodized 
salts were stored under different conditions, each of several variables 
in the conditions of storage will be considered separately. Among 
the factors which were thought important as affecting the rate of 
loss of iodine from iodized salt were the moisture content as deter¬ 
mined by the humidity of the surrounding atmosphere, the acidity 
or alkalinity which might be superimposed upon the salt, and the 
method of preparation of the salt, as, for example, whether the po¬ 
tassium iodide were added as a powder or crystallized from the brine 
with the sodium chloride. Salts iodized with potassium iodate were 
also prepared and stored under the same conditions as salts iodized 
with potassium iodide. 

The work was also extended to include observations on the loss of 
iodine from iodized salt exposed to direct sunlight and to rain. The 
effect of heat alone on the loss of iodine was also studied. 

Storage of Dry Iodized Salt in Pasteboard Cylinders 

Samples of hay salt and stock salt were prepared, containing 
approximately the quantity of iodine recommended by the veterinary 
department. The original salts were moistened with a solution of 
potassium iodide, and then before storing in the covered pasteboard 
cylinders the iodized salts were dried by spreading out in a thin layer 
at room temperature. Periodically for a year the iodine contents 
of the salts were determined. The results are given in Table 1. A 
study of this table shows that no significant changes in the iodine 
content of the salts had taken place. Hence, it is safe to conclude 
that iodized salts kept in this manner will retain most of their iodine 
for storage periods of considerable length. Fellenberg (5) reached 
similar conclusions in regard to iodized salt prepared for human 
consumption and kept on the shelves of a store until sold. 


Table 1 . —The loss of iodine from iodized salts stored in pasteboard cylinders 


Date 

Storage 

period 

KI cc 

Hay salt 

mtent 

Stoclc salt 

Oct. 5, 1925 . 

Weeks 

o 

Per cent 
a nvw 

Per cent 

Nov. 28,3925. ' ' 

8 

17 

U* vdUo 

U. Ui) lU 
HA 19 

Feb 4, 1926.. . 

. Uv)*±0 

. 0553 


May 7, 1926. . 

31 


• uoy/ 
ncntt 

June 30,1926. 

38 

• UO/U 

. uouo 

nftl A 

Sept 5, 1926. . . ' . 

48 

* UOOo 
nwo 

* UOJlJ 

Oct 18, 1926. . 

54 





* UO/ 1 

* U01«) 
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Storage of Iodized Salt Under Semisheltered Conditions 

Samples of iodized stock salt were stored in such a way as to 
allow free circulation of air through them. One sample in an open 
glass jar was placed in an open shed. Another sample in a burlap 
bag was stored in the loft of a barn. The iodine contents of these 
salts were determined after various intervals of time. The results 
obtained are given in Table 2. These data indicate that considerable 
losses of iodine occurred under these conditions of storage. The salt 
stored in the burlap bag appeared to lose iodine more rapidly than 
the one stored in the glass jar. Thus, after about 13 months the 
salt stored in the burlap bag had lost 14.4 per cent of its iodine, while 
that stored in the glass jar had lost only 6.1 per cent. Since air 
would circulate much more freely in the salt stored in the burlap 
bag and remove the free iodine more rapidly with consequent shifting 
of the conditions back to where more iodine would be liberated, it is 
possible that this may account for the greater loss of iodine from 
the salt subjected to more aeration. 

Table 2.— Loss of iodine from samples of iodized salt stored under semisheUcred 

conditions 


Stored in open jar in shed 

Stored in burlap bag in hai n loft 

Date 

Stor- 

age 

period 

, Loss 
■p-T 1 per 10- 
gram 
sample 

Loss 

Date 

S 4T KI ; pX 
P^™ d . jsfmSle 

-. 1 -- 1. 

Loss 


' Weeks Percent Mam. 

Per cent 


Weeks Per cent J Igm. 

Per cent 

Sept. 29,1925 -. 

0 

0.0605 , 0 

0 

Oct. 26, 1925_ 

0 0.0629 , 0 

0 

Nov 30,1925.. 

9 

. 0606 0 

0 

May 20,1926_ 

29 . 05S9 ; .40 

6,8 

Feb, 3, 1926- 

19 

.0594 i . 11 

l.S 

July 20, 1926. 

38 , .0572 . 57 

10.0 

June 25, 1926... 

39 

. 0590 1 .15 

2.5 

Nov. 22, 1926_ 

56 ! .0550 ! .79 

J4.4 

Sept. 10, 1926.. 

50 

.0575 ! .30 

1 5.2 


, 1 


Nov. 14, 1926.. 

60 

.0570 | .35 

i 6 1 

1 



l__ 


Storage of Iodized Salts in Atmospheres of Different Relative 

Humidities 

Since iodized salts prepared on the range are likely to be stored 
under conditions differing in the relative humidity of the surrounding 
atmosphere, an experiment was devised to study this factor. The 
iodized salts were stored in desiccators in which the relative humidity 
was controlled by some substance or solution contained in the 
desiccator. The following relative humidities w^ere maintained: 
100, 50, 20, and 0 per cent. The 100 per cent relative humidity was 
maintained by having water in the desiccator, the 50 and 20 per cent 
by solutions of KOH, and the 0 per cent by solid CaCl 2 . Potassium 
hydroxide was used for the intermediate relative humidities, as it 
would remove any free iodine from the atmosphere and hence would 
not allow the reaction by which iodine was liberated to stop or slow 
up because an equilibrium had been reached. 
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Table 3. Loss of iodine from iodized salts stored in atmospheres of different relative 

humidities 


_ , Storage 

■Date 1 period 

j (weeks) 

j 

Percentage of KI at— 

100 per 
cent rel¬ 
ative hu¬ 
midity 
(over 
water) 

50 per 
cent rel¬ 
ative hu¬ 
midity 
(over 
KOH 
solution) 

20 per 
cent rel¬ 
ative hu¬ 
midity 
(over 
KOH 
solution) 

Oper 
cent rel¬ 
ative hu¬ 
midity 
(over 
CaCls) 

Oct. 2, 1925. n 

Nov. 27, 1925. .! c 

Feb. 3,1926. .1 ,5 

0.0630 
.0563 

0 0615 
.0621 
.0617 
.0613 
.0618 
.0615 
.0610 

0.0688 
.0644 
.0629 
.0626 
.0620 
.0620 
.0593 

0 0650 
.0637 
.0622 
.0588 
.0630 
.0635 
. 0622 

May 7,1926. .! J? 

June 29, 1926.... .! to 

.0587 

Sept. 3, 1926. .. J? 


Oet. 5,1926. ..., rS 


Feb. 8, 1927____ ... 

.0517 

-__ -! 





The data which were obtained are given in Table 3. These data 
indicate that iodized salt stored over water loses considerable iodine. 
Alter May 9, 1926, it was impossible to sample this salt as it had 
taken up so much water. On February 8, 1927, the whole mass of 
salt was dissolved in water and the iodine content determined. The 
salt stored in an atmosphere of 100 per cent relative hu mi dity lost 
nearly 20 per cent of its iodine during storage from October, 1925, to 
February, 1927. The salt stored over the solution of KOH of such 
concentration as to give 50 per cent relative humidity lost no iodine 
during storage, while the two salts stored in drier atmospheres, i. e., 
over the more concentrated solution of KOH and over CaCl 2 , lost 
small quantities of iodine. Further observations concerning the loss 
ol iodme from very dry iodized salts will be given later. Fellenberg 
obtained similar data when he stored dry and moist iodized salts. 

Storage of Acid and Alkaline Iodized Salts 

It is known that when free iodine is introduced into an alkaline 
solution it reacts with the alkali to form the iodide. On the other 
hand, iodine is readily liberated from acid solutions of the iodide. 
Hence iodized salts rendered alkaline may retain their iodine better 
than neutral or iodized salts rendered acid. In order to test the 
validity of this idea, one iodized salt was rendered acid by the addi- 
j ,.^.P er cent KH 2 P0 4 while another was rendered basic by 
the addition of 1 per cent of NaHC0 3 . These salts were stored in a 
bell jar at ordinary humidity and the iodine content determined 
periodically. The results obtained are given in Table 4. The data 
m this table show that the salt rendered acid lost about one-third of 
its iodine during storage for aproximately one year. The salt ren- 
dered aikahne not only did not lose but actually showed an increase 
in. iodine content when stored for a year. Since the two salts were 
stored under the same bell jar, the basic salt apparently absorbed a 
small quantity of the iodine liberated from the acid salt. That iodine 
was liberated from the acid salt and not from the basic salt was 
shown qualitatively. A piece of paper was placed in each salt. The 
paper placed m the acid salt became dark brown, while that in the 
basic salt showed no discoloration. 
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Table 4. —The influence of added acid or alkaline sails on the loss of iodine from 

iodized salts 


Date 


KI content 


Storage 

period 


Salt con-Salt con¬ 
taining tainmg 
1 per cent 1 per cent 
KH 2 PO 1 , NaKCOs 


i 

Weeks Percent , Percent 

Oct. 2, 1923..... 1 0, 0.0610] 0.0622 

Nov. 28, 1925........' 8 .0622] .0631 

Feb. 4, 1926..... IS; .0.609: .0630 

May 7, 1928.., 31 .0468 ] .0640 

June 2$. 1926...— -, 38 .0451 j . 0645 

Sept. 3, 1926.....i 48- .0428 ! .0648 

Oct. 13, 1926.-.; 54: .0410, .0649 

___■_i_i_ 


The effect of the alkalinity in preventing loss of iodine from iodized 
salt is not in entire agreement with certain work of Fellenberg. He 
found that the addition of 0.693 gm. of K 2 C0 3 to a kilogram of salt 
did not always prevent the loss of iodine, although in some cases it 
did. Fellenberg did not work with an acid salt. It is possible that 
a slight loss of iodine from the alkaline salt would have been found 
in the writers’ experiments also if the atmosphere had not been so 
rich in iodine liberated from the salt which had been rendered acid. 
Data will be presented later, however, to show that the addition of 
NaHC0 3 distinctly reduces the loss of iodine from iodized salt. 

Potassium Iodide Leached from Iodized Salt by Bains 

In order to study the effect of exposure to climatic conditions, par¬ 
ticularly rain, on the loss of potassium iodide from salts containing it, 
a large deep funnel containing 2,240 gm. of the salt was set up out of 
doors. A bottle was placed under the funnel in order to catch the 
solution which would seep through the salt. It was thought that 
almost all the potassium iodide which was present in the salt would 
be removed by the first rain (on account of the great solubility of KI 
in water), and thereafter the residual salt would be practically iodine 
free. Such was not the case, however, as the data in Table 5 indi¬ 
cates. After several rains resulting in the collection of 667 gm. of 
leachings the salt still contained more than 20 per cent of its original 
potassium iodide. One would expect, moreover, to obtain more 
iodine in the first rains than in later rains. The rate of rainfall, 
however, appears to regulate this. The first rains were very hard, 
while those which came later were slower. 

The reason that more potassium iodide is not removed is probably 
because the rain washes channels down through the salt and the 
channels once formed allow most of the water to pass through. The 
remainder of the salt was protected by air which was unable to escape 
through the wetted salt surrounding it. Hence the water does not 
come in contact with the potassium iodide in the body of the salt 
but only, with that along the channel. The formation of these 
channels in the salt layer was checked up in the laboratory. Salt 
was placed in long tubes and water from a burette allowed to drip 
slowly on the salt. The effect of the water as it seeped through the 
tube was then noted. 
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Table o.— -Potassium iodide leached from iodized salt by rain 


‘v,- . v,. J Total 

DatP “n|«« f :s^n si 

! ....i 

| Percent¬ 
er pv. ! age of 
tiacted j 

! tracted 

i 

1 ! 

Inches > Grams ! Percent 

Jlilv 2U, 1925*... 0 31 i 114.0 14.0 

‘Do....1 37.9 | 20 1 

Anp. MIA’ . . _ _ 03 '__ 

Mgm. ; 

109.0 | 8.5 

62.0 ; 4.8 

\ i?2 13.1025 - .01 ! . 1 . 


Aug. U, 1025 a ..64 | 109 2 ' 20 7 

Aug 15, 1025. . .01 i 196 0 1 . 

214. 5, 16 7 

292.5 22.7 

Aug. 20, 1025.-... .01 1_. 

\ jut or iuos . . . .38 1 _'_: 

i 

Aug. 2N 1925...... .21 

210 7 | 25 0 j 

321.0 | 25.0 

Total.... 3. 00 

667.8 !.1 

999.0 | 77.7 




* Collected m t o portion. 


At the end of the experiment the salt remaining in the funnel was 
dissolved in water, and the potassium iodide in an aliqout of solution 
was determined. The leachings contained 77.7 per cent and the 
residual salt 22.4 per cent of the original potassium iodide, respec¬ 
tively, making a total of 100.1 per cent. This indicates that all of 
the iodine is accounted for in the leachings and in the residue and that 
very little could have been liberated by sunlight or other climatic 
factors. The experiment was, however, too crude to enable one to 
make accurate observations concerning the effect of sunlight in 
liberating iodine from iodized salt. 

The Effect of Method of Crystallization on the Loss of Iodine from 

Iodized Salt 

In most of the study which has been recorded the iodized salts 
were prepared by moistening the sodium chloride with a solution 
containing the proper quantity of potassium iodide. It was thought 
that it might be possible to prepare iodized salt in which the potassium 
iodide would be either occluded or held in solid solution within the 
crystals of sodium chloride. If such were possible the rate of loss of 
iodine should be slower than when the potassium iodide is merely 
coated on the outside of the sodium chloride crystals, as is probably 
the case when the salts are iodized by adding a solution of potassium 
iodide. In following out this idea an iodized salt was dissolved in 
water and, by evaporation of the water, it was recrystallized. The 
salt was then dried and stored, in one instance, in a pasteboard 
carton and, in another instance, in a canvas bag. The same iodized 
salt but not recrystallized was stored in an open glass jar. The 
iodine content of the three salts was determined perodically. The 
results are given in Table 6. A study of the data in this table indicates 
that the recrystallized salt stored in the pasteboard carton lost no 
iodine during storage for a year. This is in agreement with the data 
in Table t in which several salts were stored in the same manner. A 
sample of the same recrystallized salt stored in a canvas bag lost 
about the same quantity of iodine (a slightly greater percentage) 
as did the iodized salt not recrystallized. Hence, it would appear 
that no advantage attends recrystallizing the salt in this manner. 
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Table 6.— Comparison of losses of iodine from ordinary iodized salt and iodized 

salt recrystallized 


Recrystallized iodized salt stored ! Recrystallized iodized salt stored j Iodized salt (not reervstallizedj 
m pasteboard carton j in canvas bag : stored in open glass jar 


Date 

Stor- ; 
age i 
period 

KI 

con¬ 

tent 

Date 

Stor¬ 

age 

period 

KI 

con¬ 

tent 

Date 

Stor¬ 

age 

period 

! 

KI 

con¬ 

tent 

Oct, 19, 1925. 

Weeks 

0 

Per cent 
0.0794 

Oct 19, 1925. 

Weeks 

0 

Per cent 
0 0798 

Aug. IS, 1925.. 
Oct 19,1925- 

, Week* 

J 0 

Per cent 
0.1205 

Jan. 19,1926_ 

Mav 7, 1926. 

13 1 

.0794 

I Dec. 21, 1925. . 

9 

. 0762 

9 1 

1 .1150 

29 | 

. 0797 

! Feb. 3,1926. 

15 

.0751 

Dec. 21, 1925.. 

' IS 

1137 

June 30,192ft. 

36 ! 

.0797 

May 1,1926. 

2S 

. 0743 

May8, 1926... 

38 

.1138 

Sept. 7, 1926. 

46 . 

. 0792 

June 30, 1926_ 

36 

.0720 

June 30, 1926.. 

45 

. 1130 

Oct. IS, 1926. 

52 j 

1 ' 
i 

. 0794 

Sept. 3, 1926_ 

4ft 

.0720 

Sept. 5. 1926... 

55 

.1132 



Nov. 22, 1926.... 

57 

i 

.0705 

Nov. 1, 1926... 

-i 63 

.1125 


In order to determine further whether mixed crystals of potassium 
iodide and sodium chloride were formed, the following experiment 
was performed: Seventy grams of iodized salt was dissolved in 
just sufficient water to dissolve it, and about half the water evaporated. 
The salt which separated out was then placed in a Buchner fun¬ 
nel and sucked dry. Then enough water was added so that a pasty 
mush was formed. This mush was stirred for a few minutes and 
finally the water was drawn off by suction. This process was repeated. 
If a solid solution of potassium iodide in sodium chloride had been 
formed during the recrystallization then the mother liquor as well as 
the crystals remaining on the filter should contain considerable 
quantities of potassium iodide. If a solid solution had not been formed 
then the potassium iodide should all be dissolved in the mother 
liquor due to its relatively greater solubility. The salt remaining 
on the filter was found to contain practically no potassium iodide, 
hence it may be concluded that mixed crystals had not been formed. 
Since the recrystallized salt used in the storage experiment had been 
prepared in this manner, there is no reason to expect that it would 
retain its iodine to any greater degree than salt iodized in the ordi¬ 
nary way. Since sodium chloride and potassium iodide are of similar 
crystal structure it might be possible to prepare mixed crystals con¬ 
taining the two salts if proper conditions were maintained during 
crystallization. The preparation of solid solutions of several of the 
alkali halides is recorded in the literature. Such mixed crystals of 
potassium iodide and sodium chloride would probably contain much 
more iodine than is present in iodized salt, and would have to be 
used for iodizing salt. There is the possibility that salts iodized 
with mixed crystals of potassium iodide and sodium chloride would 
lose their iodine at a slower rate than salt iodized with, potassium 
iodide. In view of the relatively small losses of iodine from salts 
stored under even only moderately favorable conditions this possi¬ 
bility did not seem worthy of investigation. 

The Effect of Sunlight on the Loss of Iodine from Iodized Salt 

Since in the feeding of iodized salts to stock the salts are likely 
to be exposed to sunlight for various periods of time, and since it is 
known that sunlight hastens the decomposition of potassium iodide, 
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a study was made of the effect of sunlight on the rate of loss of iodine 
from iodized salts. The salts were stored in open crystallizing dishes 
on the sill of a south window and determinations of the iodine con¬ 
tent were made periodically. Four salts were used in this study, 
(1) a salt iodized with finely divided KI0 3 , (2) a salt iodized with KI 
solution, (3) and (4) two iodized salts which had been recrystallized 
according to the method used in the preceding section. The results 
obtained are given in Table 7. The most significant conclusion 
that can be drawn from these data is that salts iodized with KI0 3 
retain their iodine when exposed to sunlight, while salts iodized w T ith 
KI lose considerable portions of it. Thus, the salt which originally 
contained 0.0620 per cent of KI contained only 0.0165 per cent at 
the end of 63 weeks. The recrystallized salts showy no advantage 
over ordinary iodized salts in regard to retaining their iodine when 
exposed to sunlight. Salt (4) was stored in a crystallizing dish of 
4% inches diameter while the other salts were stored in dishes of 
7 14, inches diameter. Hence, a smaller surface of the salt w T as exposed 
to the light. This probably accounts for the smaller loss of iodine 
in this case. 

Table 7. —Loss of iodine from several iodized salts stored on the sill of a south 
window. Salt {1) ivas iodized with. KIOz powder; salt (2) with KI solution; 
salts iJj and (4) were iodized with KI and recrystallized 


! 

**• i sssr 

i i 

KI content 

Salt 1 

Salt 2 

Salt 3 

Salt 4 

Weeks 

July 30,1925... 0 

Per cent 
0.0630 
.0628 
.0620 
. 0613 
. 0627 

1 .0630 

I .0633 
l . 0636 

Per cent 
0.0620 
.0495 
.0399 
.0355 
.0299 ! 
.0280 ! 
, .0250: 

.0165 : 

Per cent 
0. 0528 
.0270 
.0179 
.0173 
.0072 
. 0065 
.0049 
.0040 

Per cent 

Oct. 5,1925.....; 10 

Nov. 28,1925. 17 

Feb. 4, 1928.' 27 

May 7,1928. 40 

June 28, 1920. 4S 

Sept. 3, 1920. 57 

Oct. 13,1926....., 63 

0.0780 
.0745 
.0729 
.0694 
.0663 
.0021 
.0588 


Since the surface exposed to the light appeared to be a factor in 
determining the quantity of iodine lost from an iodized salt, this 
factor was subjected to further study. Ten gram samples of iodized 
salt w^ere weighed out on w^atch glasses and some of the watch glasses 
containing the salt were placed in dark cupboards, others w T ere placed 
on the roof in direct sunlight, and still others w r ere placed on the roof 
in the sunlight but covered with other w^atch glasses. The data 
which w T ere obtained are given in Table 8. The losses in iodine which 
occurred are relatively large. Thus, exposure of the salt for two days 
resulted in a loss of 40 per cent of the iodine. When the w^atch glass 
containing the salt was covered the loss w T as less, or only 14.9 per cent. 
In the experiment in which one day’s exposure w r as allowed the sky 
was somewhat cloudy. This may account for its lower loss in propor¬ 
tion to the loss for two days. The losses in all cases, however, are 
relatively large. 
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Table S .—Effect of exposure to sunlight on the rate of loss of iodine from iodized salt 


Treatment 


Exposure 
, of a salt for 
1 day ; 


Exposure 
of another 
salt for 2 
days 


Control (stored in dark eupboard), per cent KI...... j 0. 1662 0.0330 

Exposed to direct sunlight, per cent KI......., . 1505 , . 0310 

Difference..... 1 .0157 i .0214 

Loss, per cent.......' 9.4500 40- 300 

Control (stored m dark cupboard), per cent KI... . 1062 .0530 

Exposed to sunlight but kept under glass, per cent KI... . 1557 . 0451 

Difference.. .0105 .0070 

Loss, per cent...I 6.1000 14.900 


Exposcre op Iodized Salts to Various Conditions of Temperature and 

Light 

In the data which have been recorded thus far it has developed that 
losses of iodine were prevented when the salts were iodized with ET0 3 
and when salts iodized in the ordinary way had added to them 1 per 
cent of NaHC0 3 . It would have been most desirable to expose such 
salts to direct sunlight in order to determine their efficiency in retain¬ 
ing iodine under such a condition. Such experimentation as was 
carried out in the preceding section was, however, very difficult, as in 
many cases the watch glasses containing the salts were upset by wind 
or rain and the whole experiment had to be repeated. In the experi¬ 
ments to be described in this section, artificial conditions of heat and 
light were therefore set up with the idea of paralleling as closely as 
possible natural conditions of exposure to sunlight. An attempt was 
also made to determine what wave lengths of light were responsible 
for the decomposition of potassium iodide. The results which were 
obtained, when several salts were exposed to varying degrees of heat 
and light, are given in Table 9. Salts A, B, and C were iodized with 
potassium iodide, C being the neutral salt, while A contained 1 per 
cent of added NaHC0 3 and B 1 per cent of KH 2 P0 4 . Salt D was a 
neutral salt iodized with IvI0 3 . Ten gram portions of each of the 
salts were weighed out into small evaporating dishes and exposed to 
the different degrees of light or heat. 

Table 9. —Exposure of several iodized salts to various conditions of light and heat. 

Salt A contained 1 per cent XaHCO 3 ; salt B, 1 per cent of KHfPOi; salt € was 

the neutral salt; and salt D was a neutral salt iodized with KIO3 


Percentage of KI in— 


Treatment 

Salt A 

Salt B ! SaltO 

1 

Salt D 

None..... 

Exposure to ultra-violet light for 10 minutes. 

Exposure to infra-red light for 30 minutes. 

Exposure to electric light for 70 hours..- 

Per cent 
0.0568 
.0562 
. 0568 
.0551 
.0555 
.0550 ! 
.0543 j 
.0556 

,0545 

i 

Percent 1 Percent 

0.0561 1 0.0569 

.0550 i .0567 

.0551 ! .&568 

.0443 i .0520 

. 0405 i . 0511 

. 0387 , . 0497 

.0424 1 .0395 

.0416! .0394 

j 

.0346! .0351 

i 

Per cent 
0.0600 
.0595 
. 0595 

Exposure to electric light for 100 hours. 

Exposure to electric light for 107 hours. 

Exposure to heat on hot plate at about 80 a C, for 70 hours. 

Exposure to heat on hot plate at about 80° C. for 77 hours. 

Exposure to electric light for 167 hours, last 67 hours on hot plate 
at about 80° C....*.. 

.0603 

.0590 

.0602 




58359—27-6 
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In one instance the salts were exposed for 10 minutes to ultra¬ 
violet light generated by an apparatus used by a local physician. 
The salts were placed about 4 feet from the source of the light. A 
study of the data in Table 9 indicates that none of the salts lost 
significantly great quantities of iodine. The salt with the acid re¬ 
action, however, showed the greatest loss. It is likely that the time 
of exposure was not long enough to allow the decomposition to pro¬ 
ceed very far. The apparatus was such, however, that the light 
could not be generated for longer periods of time without injury to 
the apparatus. 

When portions of the same salts were exposed to infra-red rays 
(also produced by a physician’s apparatus) for a period of 30 minutes 
at a distance of 3 feet from the source of light, only very slight losses 
of iodine occurred. It is significant, however, that again the salt 
rendered acid with KH 2 P0 4 lost the greatest quantity of iodine. It 
is also probable in this case that exposure to the light for longer 
periods of time would have given more significant results, but again 
this was not possible. 

Portions of salts A, B, C, and D were next exposed to the light from 
a 750-watt electric light bulb, the dishes containing the salts being 
placed 10 inches from the filament. One series was exposed for 70 
hours, another for 100 hours, and a third for 167 hours. At the end 
of these periods of exposure the iodine contents were determined. 
The data show that the salt containing the iodate lost none of its 
iodine; salt A, rendered alkaline with NaHC0 3 , lost very little; while 
the neutral and acid salts lost considerable quantities which increased 
as the time of exposure to the light was increased. Also the acid 
salt lost appreciably more than the neutral salt. This result might 
be expected as the instability of the iodides in acid solution is well 
known. 

The effect of heat alone on the loss of iodine from the same series 
of salts was next investigated. The dishes containing the salts were 
placed on a hot plate with the heat turned “low.*’ The tempera¬ 
ture attained by the salt was found to be about 80° C. A study of 
the data in Table 9 shows that the salt iodized with iodate again 
lost none of its iodine and that the loss from the salt rendered alkaline 
w~as relatively slight. Salts B and C again lost considerable quanti¬ 
ties of their iodine. It is interesting to note that in tips experiment 
the neutral salt lost more of its iodine than the one rendered acid 
with KH 2 P0 4 . This behavior occurred in tw r o instances wiien the 
salts w^ere exposed to heat alone; hence it is not likely that it is due 
to experimental errors. The explanation for the phenomenon is at 
present unknown. 

Salts A, B, and C w r ere next exposed to heat and light simultane¬ 
ously. Salt D was omitted from this experiment as it had already 
been showrn to be stable when exposed to either heat or light alone. 
Salt A again showed itself to be very stable. It lost only slightly 
more iodine than when exposed to light alone for the same time. In 
every case the losses of iodine from the salt rendered alkaline with 
NaHCOg are slight. Salts B and C lost about 60 per cent of their 
iodine. The losses in the case of these two salts were greater than 
when they were exposed to light alone for the same period of time. 
Thus the iodine content of the neutral salt decreased from 0.0569 
per cent to 0.0497 per cent when exposed to light alone, w T hile when 
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kept at 80° C. for the last 67 hours of the 167-hour exposure to light 
it decreased further to 0.0351 per cent. The acid salt showed similar 
decreases from 0.0561 per cent to 0.0387 per cent and to 0.0346 per 
cent, respectively. From these data it is evident that both light and 
heat are factors affecting the rate of loss of iodine from iodized salt. 

The experiments of Fellenberg (5) as well as some of those of the 
present writers, showed that iodized salts which were kept perfectly 
dry lost more iodine tkan moist salts. The factor of dryness and 
the effect of heat alone on the salt may be linked together in some 
way, as the salt kept at 80° C. on the hot plate was certainly dry. 

Concerning the mechanism of the reactions which take place when 
iodine is liberated in solutions of potassium iodide or from iodized 
salt, little definite information is available. Since iodine is set free, 
the solution or the salt, as the case may be, should have an alkaline 
reaction due to an excess of base. To test out this idea, a solution 
of KI which had stood in the laboratory for several years and had 
become a dark brown was decolorized by the addition of finely divided 
silver. The silver reacted with the free iodine to form silver iodide, 
and when filtered the solution became water clear. The resultant 
solution was red to phenolphthalein and when titrated with standard 
acid it was found to be 0.013 normal in its alkalinity; with methyl 
orange the alkalinity was 0.016. Why such an alakline solution does 
not cause the combination of iodine and alkali to reform the iodide 
is not known unless the iodine exists in some complex combination, 
which is probably the case. 

Fellenberg (4) attempted to measure the decomposition of iodized 
salt by determining the hydrogen-ion concentration of a solution 
of the original salt and then that of the salt after storage. An 
increase in alkalinity would indicate loss of iodine. He found that 
solutions of the salts prepared before and after storage showed no 
significant difference in hydrogen-ion concentration. The quantity 
of KI in the iodized salts which he used was, however, so low 5 as to 
render difficult the determination of any slight changes which may 
have taken place. In the writers’ work it was found that -whenever 
any appreciable loss of iodine occurred there was also a resulting 
change in hydrogen-ion concentration. Thus, at the end of the 
storage period when drops of indicators were placed upon small 
portions of the salt, the salt stored in an atmosphere of 100 per cent 
relative humidity (Table 3), which had lost a considerable quantity 
of iodine, was shown to be more alkaline than the same salt which 
w T as stored in an atmosphere of 50 per cent relative humidity. 

This same fact -was shown in another set of experiments. The 
hydrogen-ion concentrations of the series of salts listed in Table 9 
as being exposed to the light of the 750-watt electric light bulb 
were determined before and after exposure to the light. The results 
are given in Table 10. A comparison of the values for iodine lost as 
given in Table 9 and changes in P H as given in Table 10 shows the 
relation which exists. The salts which lost the most iodine show 
the greatest change in the hydrogen-ion concentration of their solu¬ 
tions. With the hydrogen electrode it was impossible to determine 
the hydrogen-ion concentration of solutions containing the iodate. 


* The salts with which Fellenberg worked contained five parts of KI per million parts of the salt. This 
quantity of KI wa§ in accordance with the recommendations of the Swiss Goiter Commission. 
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Colorimetric determinations indicated, however, that the acidity of 
the salt iodized with KIO3 had not been changed by exposure to 
the light. 

Table 10 .—The hydrogen-ion concentration of solutioyis of several iodized salts. 
Salt A contained 1 per cent of XaHCO 3 ; salt B , 1 per cent of KHiPO^; salt C 
was the neutral salt; salt D was a neutral salt iodized with KIO3 


( Hydrogen-ion con- •[ 
centration in u 

_ : terms of Ph 0 ! - 

Salt ( | Salt 

Hydrogen-ion con- 
centration in 
terms of Ph« 

i 1 

Original ! Final : 

Original 

Final 

A.7.13 , 7.25 !j C_... 

6.54 ; 

7.02 

B 1 2.62 | 3.50 '1 D.... 

! 


I 


o The hydrogen-ion concentrations were determined before and after the salts had been exposed to electric 
light for 100 hours. 


Relation Between the Quantity of Iodine Present in an Iodized Salt 
and the Quantity Lost 

In order to determine whether a certain proportion of iodine was 
lost from an iodized salt or whether an absolute quantity of it w T as 
lost, two salts were prepared containing widely different percentages 
of iodine. These salts were stored and their iodine content deter¬ 
mined periodically. The results which were obtained are given in 
Table 11. The data in this table indicate that a certain percentage 
of the iodine is lost and not an absolute quantity of it. Thus, during 
the same storage periods the sample containing originally 0.1205 per 
cent of KI lost 0.08 mgm. of KI per gram of salt, while that contain¬ 
ing originally 0.0288 per cent lost 0.02 mgm. of iodide per gram of 
salt. Of KI lost, the sample containing 0.1205 per cent of KI lost 
6.65 per cent, while that containing 0.0288 per cent lost 6.95 per cent. 

Table 11 .—Relation of quantity of KI present in an iodized salt to that lost during 

storage 


; 

Date 

Iodized salt of high KI 
content 

1 

Iodized salt of low KI 
content 


KI present 

i 

KI lost ! 

KI present 

KI lost 

| 

Aug. IS, 1925...... 

Per cent 

0.1205 1 

Per cent 

Per cent 
0.0288 

Per cent 

Get. 19,1925. i 

. 1150 1 

4.57 ! 

.0282 

2.08 

Dec. 21, 1925... 

.1137 

5.65 I 

.0280 

2.78 

May s, 1926...' 

.1138 

5.57 ! 

.0281 

2.43 

June 30,1920. 

.1130 

6.23 | 

. 0274 

4.85 

Sept. 5, 1928. 

. 1132 

6.06 

. 0275 

4.51 

Nov. 1,1928. 

.1125 

6.65 , 

i 

. 0268 

6.95 


Table 12 gives results from which similar conclusions may be 
drawn. In this case two series of salts containing different quantities 
of iodine were exposed to electric light for 100 hours. The quantity 
of iodine lost apparently depends on the quantity present. 
















July 15 ,1&27 Factors Influencing Loss of Iodine from Iodized Salt 181 


Table 12. — Relation of quantity of KI present in an iodized salt to that lost hy 
exposure to electric light for 100 hours. Salt A contained 1 per cent of XaHCfJ j; 
salt B, 1 per cent of KH»PO 4 ; salt C teas the neutral salt 


| Salts of high KI content Salts of low KI content 

KI content J---,-- 

; Salt A Salt B i Salt C Salt A Salt B Salt C 


initial Kl content, per cent. 

Final KI content, per cent.. 

0. USfiS 
. 055,3 

0.U5&1 ; 
.0405 , 
.0156 

0.0569 
.0511 

0. 0114 
. 010*3 

0.0112 > 

. 0C&4 

0.0114 
.0095 

Difference_ 

.0013 

.0058 1 

.0008 

. 0028 

.0019 

Per cent loss.-. 

2.20 

27. 80 j 

10 20 1 

<*7.00 , 

25 00 

16.7 



« A single determination, others in duplicate. 


DISCUSSION 

From the data which have been given it is evident that iodized salts 
show considerable variation in the degree to which they retain their 
iodine when stored for extended periods of time. It appears that 
when air is able to circulate freely over the safiror through it the 
loss of iodine is greater than when circulation of air is prevented. 
On this basis coarse-grained iodized salts should lose their iodine more 
rapidly than fine-grained salts. In several instances this has been 
found to be true. The data indicate quite clearly that when circu¬ 
lation of air is prevented, loss of iodine for all practical purposes does 
not occur even when the salt is stored for periods longer than a year, 
provided the salts are not too damp and provided they are not 
exposed to light of too great intensity. Salts may be stored in 
atmospheres up to at least 50 per cent relative humidity without 
serious loss of iodine. In fact, iodized salts stored in atmospheres of 
50 per cent humidity appear to retain their iodine more effectively 
than salts stored in drier atmosphere. 

Exposure of ordinary iodized salts to sunlight results in setting 
free very considerable quantities of the iodine which is present. In 
one instance 40 per cent of the iodine of an iodized salt was lost 
when a thin layer of the salt was exposed to direct sunlight for two 
days. This loss of iodine by the action of light may be reduced 
either by iodizing the salt with IvI0 3 or by rendering it alkaline with 
1 per cent of NaHC0 3 . It is possible that a smaller quantity of 
NaHC0 3 might have been sufficient, but investigations with the 
addition of other quantities were not made in this study. Concern¬ 
ing the advisability of replacing KI with KI0 3 there^may be a ques¬ 
tion. Crespolani (3) states that small quantities of KI0 3 are changed 
in the intestine to KI, and hence utilized in the same way as KI. 
The principal agency in the reduction which takes place is thought 
to be peptones in acid solution. He administered as much as 2 to 3 
gm, at a dose. When such large doses were administered, however, 
some KI0 3 was excreted unchanged in the mine. Mellor (f 4* V * 598), 
on the other hand, states that care must be exercised in the choice 
of KI for medicinal purposes as it may contain some KIG 3 , wffiich, 
according to him, is a poison. It is not believed, however, that the 
small quantity of KI0 3 which would be taken internally in iodized 
salt would have any ill effects on the organism. In this regard 
McClendon in a private communication states that KIQ 3 may be 
administered orally to human beings to the extent of 14 gin. per 
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kilogram body weight. He advises against its injection into the 
system. Crespolani (3) also states that intravenous, intramuscular, 
or subcutaneous injection of iodates does not result in their reduction 
to iodides. From this he concludes, as has already been stated, 
that the reduction occurs in the alimentary canal. The use of 
IvI0 3 to replace KI in iodized salt must, however, be a subject for 
further research. 

According to Chapline and Talbot CO, the best way in which to 
feed salt to sheep is at the camp each night. Only what will be eaten 
is fed each time; hence there is no danger of losing iodine by exposure 
to sunlight. When, however, the salt is kept in a trough in the open 
sunlight for days or v^eeks at a time, considerable quantities of iodine 
will be lost before the salt has been eaten. The same is true of blocks 
or cubes of salt kept on the range. The iodine in the surface of the 
cubes may entirely disappear between the times when stock remove 
the outer surface. It would appear, therefore, that the use of iodized 
salt in blocks would not be a desirable practice. 

At the beginning of the work it was reported that iodized salts 
containing brown spots were found, but no such spots have come 
under the observation of the writers. Van de Vorst (15) states that 
brown spots developed in postassium iodide due to the grow T th of a 
certain fungus. Such fungus growth might have caused the browm 
spots reported by the veterinary department. 

CONCLUSIONS 

Iodized salts stored in atmospheres of relative humidities of 50 
per cent lose smaller quantities of their iodine than salts stored under 
similar conditions at other humidities. 

Iodized salts rendered alkaline by the addition of NaHC0 3 lose 
practically none of their iodine during storage, while neutral salts or 
salts rendered acid lose appreciable quantities. 

Salts iodized with KI0 3 lose none of their iodine w T hen stored for 
extended periods. 

Exposure of iodized salts to sunlight effects a loss of iodine from 
neutral or acid salts, only a slight loss from salt rendered alkaline, 
and practically no loss from salts iodized with KI0 3 . 

Exposure to heat alone effects losses of iodine from acid, neutral, 
and alkaline iodized salts and from salt iodized with KI0 3 in precisely 
the same order as did exposure to sunlight. 

Exposure to light and heat simultaneously effects greater losses of 
iodine from salts of neutral or acid reaction than exposure to light 
alone or heat alone. In the case of iodized salts of alkaline reaction 
the losses of iodine are again insignificant or negligible, even though 
the salts are exposed to light and heat simultaneously. 

^The quantity of iodine liberated from a neutral salt iodized with 
KI appeal’s to depend on the quantity of KI present. 
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THE CURRENT MINERAL NUTRIENT CONTENT OF THE 
PLANT SOLUTION AS A POSSIBLE MEANS OF CHEMI¬ 
CAL CONTROL OF OPTIMUM FERTILIZATION 1 

By Basil E. Gilbert, Chemist , and Leo J. Hardin, Assistant Chemist ? Rhode 
Island Agricultural Experiment Station 

INTRODUCTION 

During 1926 an attempt was made to estimate the current nutrient 
needs of various crops growing under various levels of fertilization. 
In order to secure such information determinations were made at 
intervals during the growing season of the nitrate nitrogen, phosphate 
phosphorus, and potassium contents of the plant solutions obtained 
from field crops growing in appropriate situations. In addition to 
these determinations, total analyses of the fertilizer ingredients were 
made on samples of tissue collected at the end of the growing season 
or, in a few cases, at various times during the season. In this paper 
the results obtained are given and the possibility of using the current 
levels of nutrient elements as bases for chemical control of fertilization 
is discussed. 

ANALYTICAL METHODS AND CULTURAL CONDITIONS 

The analytical methods employed with the plant solutions were 
those discussed by Gilbert in earlier papers. 2 ’ 3 

The methods of analyses for the constituents of plant tissue used 
by the Association of Official Agricultural Chemists 4 were used for 
the total analyses in this study, with the exception that in the prep¬ 
aration of the samples for the determinations of P 2 0 5 and K 2 0 a 
wet digestion with sulphuric and nitric acids was employed. 

The fertilizer ingredients applied per acre are shown in Table 1. 
In each experiment, with the exception of the one in which nitrogen 
was used on the phosphate area, one fertilizer ingredient was def¬ 
initely made suboptimal, past experience indicating that the quan¬ 
tities of the other fertilizers used were sufficient for the production 
of a normal crop. On the phosphate area the P 2 Os was applied in 
acid phosphate; on the potash area the K 2 0 was applied in high-grade 
sulphate of potash; and on the market-garden area the nitrogen was 
applied in nitrate of soda, sulphate of ammonia, and tankage. 

The growing season of 1926 seems to have been quite free from 
serious climatic growth-inhibiting conditions. Growth measure¬ 
ments on several crops and a chart of soil and air temperatures, 
accompanied by rainfall, are given in an earlier paper. 5 It was 


1 Received for publication May 2, 192T; issued August, 1927. Contribution No. 347 of the Rhode Island 
Agricultural Experiment Station. 

2 Gilbert, B. E. the adaptation of certain colorimetric methods to the estimation of 
NITRATES, PHOSPHATES, AND POTASSIUM IN PLANT SOLUTIONS. Plant Physiol. 1: 191-199. 1926. 

3 Gilbert, B. E., McLean, F. T.,and Adams, W. L. the current mineral nutrient content 
of the plant solution as an index of metabolic limiting conditions. Plant Physiol. (In press.) 

* Association of Offical Agricultural Chemists, official and tentative methods of anal¬ 
ysis. compiled by the committee on editing methods of analysis. REVISED TO JULY 1, 1924. 
Ed. 2, 535 p., illus. Washington, D. C. 1925. 

4 Gilbert, B. E., McLean, F. T., and Adams, W. L. Op, cit. 
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there reported that “the only noticeable depression in growth incre¬ 
ments which may be attributed to temporary unfavorable con¬ 
ditions for growth, was during the period from July 15 to July 29. 
This was accompanied by a low rainfall and a high temperature 
period. The following statements were also made: ‘‘The moisture 
content of the soil was not critically low at any time during the 
summer. It fluctuated between 20 per cent and 35 per cent of the 
dry weight of the soil. The calculated wilting coefficient of the 
soil was about 12 per cent and the usually accepted optimum mois¬ 
ture content of the soil for plant growth was approximately 18 to 
22 per cent/' 6 

The highest yields of different varieties of crops investigated 
under different fertilizer treatments are given in Table 2. Subse¬ 
quent tables give the relative yields for all plots based on the yields 
in Table 2, which are taken as 100. Due to the small areas planted 
and to the small number of plant individuals, the yields on the 
phosphate experiment were not expected to be of significance, the 
crops having been provided ordy for analyses. 


Table 1. —Fertilizer ingredients applied per acre to different plots 


Plot 

X ! 

| 

PlO; 1 

KiO Plot 

N 

P 2 O 3 

KaO 


Pound» 

Pounds ' 

Pounds 

Pounds 

Pounds 

Pounds 


__ a 55-HO 1 

50 

135 , 116 MG {spring) 

0 

200 

30 

65N. 

« 55+40 ! 

150 1 

135 1 11$ MG (spring)... 

100 

200 

100 

65S..... 

- fl 8G-+-6Q 

150 ! 

135 ; 119 MG (spring)... 

*0+20 

200 

100 

116_ 

- 6 S0-r40 • 

210 ; 

0 ! 115 MG (fall).. 

* 70+40 

120 

90 

117.... 

- *$0+40 ! 

210 1 

50 1 116 MG (fall). 

*0+53 

120 1 

90 

119_-_ 

* 80+40 

210 , 

1,50 i 118 MG (fall). 

*70+20 

120 

90 

115 MG (spring h. 

co ! 

1 

200 ! 

30 : 119 MG (fall).J 

* 35+10 

120 

90 

1 


a Side dressings of NaNCL applied. 

& Side dressings of t-yanamia applied. 

c These spring applications supplemented lfi tons of stable manure. 
* Side dressings of } 2 NaNGg and *2 (XH4;23Q4 applied. 


Table 2. —Crops investigated and highest yields obtained from different varieties 


Crop 


Area 


Cabbage.! 

Do., 

Carrots_ 

Turnips.: 

Buckwheat_ 


Phosphate a . 


Corn.i 

Turnips.j 

Parsnips.1 

Potatoes.j 

Tomatoes. 

Cabbage. J 

Lettuce. 

Celery. 

1 

Cabbage. 1 

Beets..' 


Potash b . 


Market garden 


1 


! Num¬ 
ber of 
tows 

Variety 

Kind of tissue 
examined 

Highest yield 

: 1 

Enkhuizen. 

Trimmed heads. 

Pounds per row 
208 

1 i 

B allhead... 

_do. 

129 

1 

Danvers’ Half Long_ 

Roots_ 

184 

: 1 

Macomber Rutabaga ... 

_.do. 

147 

! 2 

Japanese. 

Gieen plants.... 

40 

j 

1 5 

R. I. White Cap. 

Grain and cob.. 

Cud. per acre 

67 

If 8 

Macomber.. 

Roots_ 

366 

0 

Champion Hollow 

.do. 

400 

5 

| Crown. 

Rural Russet.. 

Tubers__ 

251 

1 6 

Livingston’s Globe. 

Fruit. 

482 

\[ H 

Bullhead. 

Trimmed heads. 

355 

if. 

Black Seeded Tennis 

_do_ 

260 


Ball. 

Golden Plume. 

Untrimmed 

heads. 

Trimmed heads. 
Roots... 

339 

467 

224 

! 

Golden Acre_ _. 


Early Wonder and Cros¬ 


by’s Egyptian 
(mixed). 



0 Rows were 96 feet in length. 
b Rows were 30 feet m length. 
c Crops covered whole plots (21 by 69.14 feet). 

* Gilbekt, B. E., McLean, F. T., and Adams, W. L, Op. cit, 
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CURRENT NITRATE-NITROGEN CONTENT OP PLANTS STUDIED 

Four market-garden crops were selected for study. Of these, two 
were planted in the spring and two in the fall. Lettuce seed was 
planted April 16 and cabbage plants were set April 22 . After these 
two crops were harvested beets were sown July 23 and celery plants 
were set July 19, on the respective areas. 

In Table 3 the current nitrate nitrogen and the total nitrogen in 
tissue at time of harvest are shown, as well as the relative yields, 
and the quantity of nitrogen applied in chemical fertilizers. "Each 
crop responded to the extra nitrogen application, and this extra 
quantity was reflected consistently in the plant solution throughout 
the season, the plants on the higher nitrogen plot having higher 
nitrate nitrogen in solution content. The total nitrogen results also 
correlate in general with these. The magnitude of the nitrate- 
nitrogen content is doubtless affected by side dressings of nitrogen 
made during the season. On May 27 an additional 20 pounds of 
nitrogen was applied to cabbages on plot 119. Celeiy on plots 115 
and 116 received an extra application September 7, and beets on plots 
118 and 119 were given 20 and 10 pounds, respectively, September 9. 
These applications are all reflected in the solution content of nitrate 
nitrogen. 

The conditions on plots 65M and 60 S of the phosphate area were 
studied. Among the miscellaneous crops, cabbage (Enkhuizen 
variety), carrots, buckwheat, and corn received attention. The 
cabbage plants were set June 15; carrot seed was sown May 11 ; 
buckwheat was sown May 14; and com w r as sown May 10 . Table 4 
gives the current nitrate-nitrogen and total nitrogen contents of 
these crops, as well as the relative yields and the quantity of nitrogen 
applied in fertilizer. On July 16 side dressings of 40 and 60 pounds 
per acre of nitrogen were made to plots 65N and 65S, respectively. 
The effect of this application seems to be reflected in the cabbage 
solutions as analyzed July 26. The low rainfall and high tempera¬ 
ture conditions just prior to this date probably helped to produce 
the abnormally high value of 600 parts per million of nitrate nitrogen 
in plant solution. 

In the case of cabbage and carrot there is not such a clear-cut 
correlation between solution content and fertilization, as was noted 
with the market-garden crops. This could hardly be expected, as the 
nitrogen condition on plot 65N was not considered to be suboptimum. 
With none of the crops can the relative yields be considered as more 
than directional, and inconsistencies might be expected in the solution 
content. This is further proven by the lack of correlation between the 
total nitrogen in tissue at harvest and the relative yields. It would 
seem that under existing conditions of soil and climate, and w T ith such 
a small difference in nitrogen application, little increase in yield or 
reflection in solution could be expected, since the nitrogen in both cases 
is present in sufficient amounts. 



Table ^—Comparison of nitrate nitrogen in plant solution , and the quantity of nitrogen added in chemical fertilizer, market-garden experiment 
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Table 5. —Comparison of potassium content of plant solution , and potassium oxide added in the chemical fertilizer, potash cxpci intent 
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CURRENT POTASSIUM CONTENT OF PLANTS STUDIED 

Crops were planted on the potash experiment on the following dates: 
Turnips, seed, May 13; cabbage, plants, June 14; parsnips, seed, 
April 30; potatoes, tubers, May 3; tomatoes, plants, May 19. 

In Table 5 the current potassium content of the plant solutions, the 
total KoO in the tissue, the relative yields, and K 2 0 fertilization are 
given. It will be seen that the current amounts of potassium and the 
total K 2 0 in tissue quite consistently follow the fertilization, and that 
the relative yields correlate. As has been shown in an earlier paper, 7 
the highest amounts of potassium in the plant solutions. appear 
during the high temperature period, July 15 to July 29. This seems 
to explain the highest values of potassium which occurred with these 
crops. 

CURRENT PHOSPHATE-PHOSPHORUS CONTENT OF PLANTS 

STUDIED 

The planting dates of the crops analyzed on the phosphate experi¬ 
ment were: Turnips, seed, May 13; carrots, seed, May 11; corn, 
seed, May 10; cabbage (Ballhead), plants, June 22. 

In Table 6 the current phosphate phosphorus and the total P 2 0 5 
found in the tissue during the season and at harvest, are shown, as 
well as the relative yields and the P 2 0 5 fertilization. 

It has been the experience of this station that with the same crops 
grown under these conditions, marked differences in yield, except 
with carrots, resulted between plots 55N and 65N. The general 
appearance of the above-ground portions of these crops confirmed 
such observations in 1926. This is reflected in the relative yields 
of corn and cabbage, but with turnips the relationship is not clearly 
shown. The current phosphate phosphorus seems to have followed 
the P 2 0 5 applied, and the percentage of total P 2 0 5 in the dry tissue 
was also consistent. 

PLANT SOLUTION AS RELATED TO FERTILIZER APPLIED 

From the. foregoing it may be seen that the current amounts of 
nitrate nitrogen, potassium, and phosphate phosphorus in the plant 
solutions are influenced materially by the amounts of N, K 2 0, and 
P 2 0 5 supplied the crops in chemical fertilizers, and that, in general, 
these two amounts directly correlate. Some such relationship, 
although hardly, as consistent, appears with total N, K 2 0, and P 2 0 5 
in the dry tissue sampled both during growth and at harvest. 


" Gilbert, B. E., McLean, F. T., and Adams, W. L. Op. cit. 























192 


Journal of Agricultural Research 


Vol. 35, No. 2 


DEGREE OF FLUCTUATION OF MINERAL NUTRIENTS IN PLANT 

SOLUTIONS 

It is generally accepted that the relative metabolic needs of plants 
for the three mineral nutrient elements herein discussed are different. 
Hence it is to he expected that the plant solution would reflect this 
difference. This is the case. A comparison of the values given for 
each ingredient in Tables 3 to 6, shows that the standard deviations 8 
of the ratios of the highest to the lowest values from the mean, are: 
Potassium, 0.84; phosphate phosphorus, 2.83; nitrate nitrogen, 4.09. 
Thus, the fluctuation of potassium during the growing season was 
smallest and of nitrate nitrogen greatest. This fluctuation must be 
considered as the resultant of the supply and demand of each in¬ 
gredient; and as supply is regulated by soil, fertilizer applications, 
weather, and specific permeability of root membranes, it doubtless 
plays as great a part as do metabolic demands in determining the 
nutrient level in the plant solution. 

THE PLANT SOLUTION AS A MEANS OF FERTILIZER CONTROL 

It is suggested that the quantities of fertilizer nutrients as found 
at any one time may give some indication as to the needs of the 
plant for these particular nutrients. The individual nutrient con-- 
tents in the plant solution have been shown to correlate with fertilizer 
applications, and the fluctuations of the nutrient elements have 
been considered to some extent. It may not be possible to choose 
arbitrary values, which may indicate critical nutrient situations, 
but from the data presented in this paper the following critical 
concentrations are tentatively suggested: Potassium, roots or tops, 
3,000 parts per million; phosphate phosphorus, roots, 20 parts per 
million; nitrate nitrogen, blades of leaves, 300 parts per million. 

It is recognized that these quantities can be only tentative at 
present, as it is not possible without further data to choose critical 
concentrations for individual crops, tissues, or soil situations. 
Further work is contemplated in this connection. 

SUMMARY 

In general the current concentrations of mineral nutrients in the 
solutions of crop plants were found to correlate directly with 
applications of chemical fertilizers. 

Potassium was found to show the least fluctuation during the 
season, nitrate nitrogen fluctuated the most, while the fluctuation 
of phosphate phosphorus was intermediate. 

The current mineral nutrient content of the plant solution is 
suggested as an index of fertilizer needs, and tentative critical 
concentrations have been chosen for each nutrient. 


1 In this calculation the highest value per ingredient, plot, and crop was divided by the lowe st value, 
thus giving aratio. These ratios were subjected to the standard deviation formula, i. e. 

V 91 


O. 




INHERITANCE OF SMOOTH SEEDS IN COTTON 1 

By Thomas H. Kearney, Senior Physiologist in Charge, and George J. Harri¬ 
son, Principal Scientific Aid , Office of Alkali and Drought Resistant Crops , 
Bureau of Plant Industry , United States Department of Agriculture 


INTRODUCTION 

The-presence or absence of fuzz or short hairs on the seeds of the 
very long staple commercial cottons is of practical interest because 
the separation of the lint from the seeds by the roller gin used in 
ginning these cottons is more difficult when the seeds are fuzzy than 
when they are smooth. Sea-island cotton, for which the roller gin 
was first used, has seeds almost devoid of fuzz, while the longest 
linted varieties of the Egyptian type (Sakellaridis in Egypt and Pima 
in Arizona) have relatively fuzzy seeds. Experience has shown that 
the speed of ginning is greater and the appearance of the cotton as it 
comes off the rolls is better in the case of a smooth-seeded than in the 
case of a fuzzy-seeded cotton. The development of smooth-seeded 
varieties of the very long staple cottons is therefore an objective of 
no small importance. As a guide to practical breeding work, an un¬ 
derstanding of the inheritance of the characters dealt with is of course 
desirable. The purpose of this paper is to present such information as 
is available concerning the inheritance of smooth seededness in cotton. 

Inheritance of the seed-coat character in a hybrid between an 
upland cotton (Holdon variety) and an Egyptian cotton (Pima 
variety) has been studied by one of the writers (8, p. 11, 26, jig, 41), 2 
( who also presented (8, p. 32-33) a brief summary of the results ob¬ 
tained by Fletcher (6), Fyson (7), Balls (J 2, 3), and McLendon (11). 
The only subsequently published contributions to our knowledge of 
the subject of which the writers are aware are those of Thadani 
(12, 13). He found (13) that in six crosses of a naked-seeded form 
of upland cotton with fuzzy-seeded upland varieties the fuzzless con¬ 
dition was completely dominant in F x and the F 2 segregation was 
monohybrid. In crosses between upland varieties distinguished by 
a greater or less degree of fuzziness, the less fuzzy condition appeared 
to be dominant, this being contrary to the conclusion of Balls (2) and 
McLendon (11). On the other hand, crosses of completely fuzzy up¬ 
land cottons with partly fuzzy Egyptian cottons showed dominance 
of the more fuzzy (upland) condition in F 1? with F 2 distributions indi¬ 
cating that several factors are involved. 3 An exception was noted in 
a cross of a completely fuzzy-seeded upland with the nearly smooth- 
seeded Yuma variety of Egyptian cotton, the,nearly smooth-seeded 


1 Received for publication Mar. 30,1927; issued September, 1927. The investigation which is the prin¬ 
cipal subject of this paper was conducted at the United States Field Station, Sacaton, Aria. The results 
obtained from crosses made at Greenville, Tex., by W. W. Ballard, of the Office of Cotton, Rubber, and 
Other Tropical Plants, also are considered on the basis of data furnished by Mr. Ballard. The photo¬ 
graphs from which the illustrations were prepared were made by Robert L. Taylor of the same office. 

2 Reference is made by number (italic) to “Literature cited/’ p. 217. 

s The results were therefore like those obtained by* Kearney (£) with a similar cross. 
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A 



C 


Fjr*. 1.—Seeds of the Fima parental families: A, 
the smooth-seeded family (P-SS-7) with fuzz 
greatly reduced and sharply localized; B, a 
moderately fuzzy-seeded family (P Parker); C, 
a very fuzzy-seeded family (P spotless) 


condition having been dominant in 
Fi. The F 2 segregates of this cross 
ranged from “absolutely naked” to 
“entirely fuzzy.” 

INHEEITANCE OF SMOOTH SEED¬ 
EDNESS IN THE PIMA VARIETY 

Excellent material for a study 
of the inheritance of presence and 
absence of fuzz on the seeds in the 
Pima variety of Egyptian cotton is 
afforded by a smooth-seeded family 
(Pima 20-SS-7) which uniformly 
has the seeds naked except for a 
small tuft of short fuzz at base 
and apex and occasionally a trace 
along the raphe, and a “spotless” 
family which has the seeds almost 
completely covered with fuzz, repre¬ 
senting about the extreme of fuzzi¬ 
ness in the Pima variety. The 
average quantity and distribution 
of the fuzz in the two parental 
families is illustrated in Figure 1, 
A and C. 

In 1923 two plants (designated 
A-12 and A-13) in the homozy¬ 
gous smooth-seeded Pima progeny 
7-2-10, and two plants (designated 
B-8 and B-12) in the homozy¬ 
gous smooth-seeded Pima progeny 
7-2-11, were chosen as female par¬ 
ents. Flowers on these plants were 
emasculated and pollinated with 
pollen from one plant in each of the 
two homozygous “spotless” and 
fuzzy-seeded Pima progenies, 20-19 
and'21-22. 4 The male parent in 
progeny 20-19 was designated H 
and the male parent in progeny 
21-22 was designated J. The com¬ 
binations were made as follows: 

A 12 X H A 13 X J 

B 8 X H B12XJ 

Each combination was represent¬ 
ed by an F x progeny grown in 1924, 
and flowers were selfed on several 
plants in each of these progenies. 


4 These were Fa progenies, recessive for petal spot 
and uniformly fuzzy seeded, which were derived from 
crosses of ‘“spotless” with normally spotted Fima 
families, as described by one of the writers in another 
paper (9). 
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From the resulting seed 17 F 2 progenies were grown in 1925. These 
were: 


A V H- 4 A X J- 3 B X H-l 

A X H- 6 AXJ-4 B X H-3 

A y H- 7 A X J- 9 B X H-4 

A X H-21 A X J-18 B X H-5 

B X H-7 


B X J-12 
B X 1-13 
B X J-H 
B X 1-15 


Flowers were selfed on numerous plants in the F ? progenies, and 
from the resulting seed 30 F 3 progenies were grown in 1926. These 
were: 


A X H 4- 3* 
A X H 4™ 7* 
A X H 4-24 
A X H 6- 4* 
A X H 5-19 
A X H 7-14* 
A X H 7-15* 
A X H 7-19 
A X H 7-21 
A X H 21- 1 


A X H 21-22* 
A X H 21-26 
A X 1 4-15 

A X 1 9-1* 

A X 1 9-12 

A XI 18-5 
A X 1 18-23 
B X H 1-14 
B X H 3-10* 
B X H 3-11 


B X H 5- 1 
B X H 5-7* 
B X 1 12-11 
B X J 13-19 
B X J 13-23* 
B X J 14- 2 
B X J 14-21 
B X J 14-23 
B X J 15-11 
B X J 15-27 


Ten of these progenies (indicated by asterisks) had a fuzzy-seeded 
Fo parent, while the other 20 progenies had a smooth-seeded parent. 


DOMINANCE OF SMOOTH SEEDEDNESS IN Fi 

The whole population numbered 92, the four Fi progenies contain¬ 
ing from 21 to 24 plants each. All of these plants were similar to 
the smooth-seeded parent in the quantity and distribution of the 
fuzz on the seeds. In other words, the approximately naked con¬ 
dition of the seed coat of the smooth-seeded strain was completely 
dominant to the \evj fuzzy condition characteristic of the other 
parent of the cross. 

SEGREGATION IN Fs 

The individual plants of the F 2 progenies were readily classified as 
‘‘smooth” or “fuzzy,” since in nearly all cases their seeds were either 
as nearly naked as in the smooth-seeded parental family (fig. 1, A) 
or as fuzzy as in the fuzzy-seeded parent (fig. 1, C). The very few 
plants whose seeds showed appreciably more fuzz than has been 
observed in the former family, although less than is characteristic of 
the latter family, were classified as “fuzzy.” The number of such 
individuals was far too small to affect the result. 

The segregation in F 2 is shown in Table 1. Since the numbers of 
plants in the several progenies were small, all progenies of each com¬ 
bination (A X H, etc.) are taken as one array in presenting the results. 5 
It is obvious that the segregation is monohybrid, the fuzzy-seeded 
condition behaving as a simple recessive. The departure of the 
percentage of fuzzy-seeded individuals from the expected 25 per cent 
in no case amounted to more than 2.6 times the probable error of the 
departure, and for the whole F 2 population of 381 plants taken as one 
array the departure was only 1.8 times its probable error. 


$ For the 17 Fa progenies, x 2 o f the departure of the observed distribution from the distribution expected 
on the basis of a 3: 1 ratio ranged from 0 to 5.4 the latter value indicating a chance of 1 in 50 that the depar 
ture was fortuitous. Only four of these progenies gave a x 2 greater than 0.7. 
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Table 1. —Segregation in respect to the sced-coat character in F% of crosses between 
a smooth-seeded and a fuzzy-seeded family of Pima cotton 


Combination 


A v H_. 
A < J„ 
B x K. 
B v J__ 


Total 


Number of plants ; Percentage 


of . 

progenies 

Total 

Smooth 

seeded 

Fuzzy < 
seeded ’ 

i 

fuzzy- 

seeded 

plants 

4 

102 

74 

28 1 

27.4±2.98 

4 ! 

99 

66 

33 | 

33.3±3.19 

5 , 

72 

• 56 

I 16 , 

22.2=L3.34 

* 

108 

80 

28 , 

25.9±2.84 

17 I 

, 

3S1 

276 

105 | 

27.3±1. 54 


INHERITANCE OP CHARACTER IN P 3 

Progenies of 20 smooth-seeded and of 10 fuzzy-seeded F 2 indi¬ 
viduals were grown in 1926, The 10 progenies of recessive Fa’s con¬ 
tained from 8 to 15 plants each, the combined F 3 population from 
fuzzy-seeded F 2 plants numbering 110 plants, all of which had seeds 
similar in degree of fuzziness to the fuzzy-seeded parental race. The 
recessive nature of the fuzzy condition is therefore completely 
established. 

Of the 20 F 3 progenies of smooth-seeded F 2 plants, only two 
(A X J 18-23 and B X' H 5-1) contained no fuzzy-seeded individuals, 
and the numbers were too small (17 and 19, respectively) to make it 
certain that- they were homozygous for smooth seededness, especially 
since two other progenies of smooth-seeded F 2 ’s, containing 19 and 20 
plants^ respectively, each included only one fuzzy-seeded individual. 
Assuming, however, that the progenies in which there were no fuzzy- 
seeded plants were really homozygous, it is to be noted that there 
were only two instead of the expected 20-s-3 =6.67 such progenies. 
From the value of x 2 (4.9) it appears that the chances are 1 in 37 that 
the departure from the expected number of homozygous progenies is 
fortuitous. 

Table 2. —Segregation in respect to the seed-coat character in 18 heterozygous 
P 3 progenies of crosses between a smooth-seeded and a fuzzy-seeded family of Puna 
cotton 


Combination 

' Number of plants 

Progeny i 

; rp-i ! Smooth Fuzzy 
lordl seeded seeded ■ 

i 

Percent¬ 
age of 
fuzzy- 
seeded 
plants 

X 2 

P 


4-24 

19 

12 1 

7 

36.8 

1.421 

0.233 


6-19 

IS , 

16 

2 i 

ll.l 

1.852 

.174 

AXH... 

7-19 

7-21 

20 

IS 

14 j 
13 ; 

6 

5 , 

30.0 
27 8 

.267 

.074 

.605 

.786 

i 

21- 1 

19 

18 

1 

5.3 

3.948 

.047 


21-26 

22 

17 i 

5 

22 7 

.060 

.806 

A X J.^ 

4-15 

16 

9 : 

7 ! 

43.7 

3.000 ! 

.083 

9-12 

17 ■ 

10 i 

7 

41.1 

2.372 

1 .124 


18- 5 

16 | 

13 ' 

3 , 

18.7 

.333 

1 .564 

BXH. >\ 

1-14 

19 ; 

10 | 

9 

47.3 

5.070 j 

.025 

3-ii 

21 

17 i 

4 

19.0 

.396 

.529 


r 12 -n 

20 ! 

14 ; 

! 

6 j 

30.0 

.267 

1 .605 


| 13-19 

16 { 

11 i 

5 1 

31.2 

.333 

I .564 

BXJ.. 

! 14- 2 

14-21 

20 j 
19 

19 1 
13 ' 

1 

6 ' 

5.0 

31.5 

4.267 

.439 

! .039 

! .508 


14-23 

19 

14 l 

5 

26.3 

.017 

.897 

1 

15-11 

19 j 

1" i 

2 

10.5 

2.122 

.145 


15—27 , 

19 ! 

17 ' 

2 

10.5 j 

2.122 

.145 
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The segregation in the 18 heterozygous F 3 progenies is shown in 
Table 2. Since the progenies were small and in some of them the 
percentage of fuzzy-seeded individuals was very low, ifc seems best 
to judge the goodness of the fit hy the probability, as indicated by 
X 2 , of the departure of the observed distribution from that expected 
with a 3:1 ratio. The chance of a fortuitous departure from the 
expectation as great as that shown by the progeny which gave the 
highest value for x 2 (5.07) is 1 in 40. 

In Table 3 the several heterozygous F s progenies of each combi¬ 
nation are taken as one array and the percentages of fuzzy-seeded 
plants are given for these larger populations. In none of them is the 
departure from the expected 25 per cent equal to twice its probable 
error, and for the entire heterozygous F 3 population the departure 
is only one-fourth its probable error. 

Table 3. —Segregation in respect to the seed-coat character in groups of heterozygous 
Fz progenies representing each of the crosses between a smooth-seeded and a fuzzy- 
seeded family of Pima cotton 


Number 

Combination of prog¬ 

enies 

| Number of plants ' Percentage 

; of fuzzy- 

™ aI , Si” ! seeded ! “ 

A X H..._. 5 

AXJ_____ 4 

BXH...______ 2 

BXJ-----.1 7 , 

94 73 ; 21 1 22.3zfc2.91 

71 49 i 22 31.0±3 74 

40 27 ; 13 1 32. o±5.09 

132 105 27 ; 20.4±2.37 


Total....| 18; 337 254' 83! 24.6±158 

I i I 1 i 


INHERITANCE OF SMOOTH SEEDEDNESS IN CROSSES AMONG 

VARIOUS FAMILIES 

Further indications of the manner of inheritance of the smooth and 
fuzzy condition of the seed coat were obtained by nine combinations 
made in 1924 among various families, some of which represented 
different species (Egyptian and upland cottons). With one excep¬ 
tion (combination 3), each combination was represented by two 
crosses, different individuals of the respective parental families 
having been used as parents of each cross, except that in combina¬ 
tion 8 the same Ballard individual served as the male parent of both 
crosses. Fj progenies representing both crosses of each combina¬ 
tion were grown in 1925. From selfed seed of a single individual in 
one of the Fi progenies, an F 2 progeny of each combination was grown 
in 1926. 

Five open bolls were collected from each plant in the parental and 
F 2 progenies of 1926, and the seed cotton was ginned with care to 
remove the lint as fully as possible without disturbing the fuzz. 
The seeds, freed from adhering lint, neps, and trash, were placed in 
transparent glass vials, one for each plant, and with the samples in 
this convenient form classification of the populations was readily 
accomplished. 

CHARACTERISTICS OF THE PARENTAL FAMILIES 

Of the parental families involved in these crosses, the first three 
herein described were of the Pima variety of Egyptian cotton 
(Gossypium larbadense X ?) and the other four were upland cottons 
(G. hirsutum ). 
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PIMA SMOOTH <i:ED (F-SS-7J 

Tiie parental progeny was of the third inbred generation from a plant of the 
Pima variety selected at Sacaton in 1920 by Walter F. Gilpin and characterized 
by the almost complete absence of fuzz on the seeds. It proved to be homozygous 
tor this character, no other kind of seeds having been found on hundreds of its 
descendants examined during the past six years. The particular individual 
which gave rise to the progeny grown in 1924 belonged to the progeny of 1923 
17-2-10) which furnished the A'* parents of the combinations described in the 
earlier pages of this paper. Different individuals in progeny 7-2-10-17 of 1924 
were used as one of the parents of combinations 1, 2, 7, and 9, respectively. 
{Table 4.) Selfed seed of plant 5, the female parent of combination 7, was 
planted in 1926 and gave a progeny of eight plants. All of these were alike and 
showed the condition typical of this family, the fuzz being confined to a pro¬ 
nounced but sharply limited tuft at the small end oc the seed and often a smaller 
tint at the large end, with an occasional trace along the raphe. (Fig. 1, A.) 

PIMA PARKER 

The parental progeny was of the third inbred generation from an individual of 
the Pima variety selected by Warren Parker at Phoenix, Ariz. Different indi¬ 
viduals in the progeny of 1924 (P. Parker 6-10-17) were used as one of the 
parents of combinations 1, 2, 6, and 8, respectively. (Table 4.) Selfed seed 
of plant 15, the female parent of combination 1, was" planted in 1926 and gave a 
progeny of 10 plants, all of which had the seeds partly covered with typical 
Pima fuzz, greenish or brownish in color. (Fig. 1, B.) The average degree of 
fuzziness in this progeny was near the average ior the Pima variety, the classi¬ 
fication having been: Grade 6, 4 plants; grade 7, 4 plants; grade'8, 2 plants. 

As is the rule in the Pima variety, there was considerable variation on the indi¬ 
vidual plant in the degree of fuzziness. 0 

PIMA SPOTLESS 

The parental progeny was a recessive F 4 of one of the crosses, described in 
another publication (9), between representatives of a Pima family having almost 
no petal spot and representatives of a normally spotted lamily of the same 
variety. It was grown from selfed seed of plant" 34 in the F 3 progeny (21-22), 
which furnished the u J” parents of the combinations described in earlier pages 
of this paper. Both the spotless and the normally spotted parents of the original 
cross were fuzzy seeded, and the descendants have exhibited this condition uni¬ 
formly. Different individuals in F 4 progeny 21-22-34 of 1924 were used as 

one of the parents of combinations 4 and 5, respectively. (Table 4.) An Fj _ 

progeny grown in 1925 from selfed seed of another individual in the F 4 progeny 
comprised 18 plants, the seeds of all of which were decidedly more fuzzy (grade 
S to 9) than the average for Pima. Only two plants survived in the F& progeny 
grown in 1926, but these had seeds similar to those of the F5 plants. (Fig. 1, C.) 

ballaed's naked-seeded upland 

The writers are indebted to W. W. Ballard, the originator of this family, for 
the following record of its performance at Greenville, Tex. The original naked- 
seeded selection, in a population of upland cotton grown from seed obtained 
from Cuba, was made at Greenville in 1916. A progeny grown in 1917 from 
open-pollinated seed from this plant contained, as would be expected, some 
fuzzy-seeded individuals. Open-pollinated seed was saved from plants in the 
1917 progeny which had naked seeds and very sparse lint. A progeny, grown in 
1919 from seed of the most nearly lintless of the 1917 selections, contained some 
fuzzy-seeded plants and showed variation in the quantity of lint. Flowers were 
selfed on the plants grown in 1919, and selfed seeds from the plants most nearly 
lintless were used in planting three progenies grown in 1920. No fuzzy-seeded 
plants appeared in the 1920 progenies, and in one of them most of the plants 
were almost lintless. Selfed seed from two plants in the latter progeny gave 
rise to two progenies grown in 1921. Neither of these contained any fuzzy- 
seeded individuals. 7 Seed from a plant in one of these progenies was sent to 


* In the type sample of grade 7 for Pima cotton the seeds have from about one-fourth to nearly all of the 
surface covered with fuzz. 

7 No record was preserved of the size of the progenies grown in 1920 and 1921, but it is Mr. Ballard’s recol¬ 
lection that each of them contained about 20 individuals. 



Inheritance of Smooth Seeds in Cotton 


199 



Saeaton, Ariz.. and two sister plants in the same progeny were used as parents of 
crosses with two plants of Lone Star made by Hr. Ballard and hereafter described 
m this paper. 8 No fuzzy seeds appeared in two succeeding inbred generations 
of this family at Greenville, although the population grown fn 1923 comprised 63 
individuals. 

The seed from Greenville was planted at Saeaton in 1924, and seven plants 
survived, all of which were recorded as having fuzzless seeds. (Fig. 2.) Differ¬ 
ent individuals in this population were used as one of the parents of combinations 

3, 7, and S, respectively. (Table 4.) From selfed seed of two of the plants, one 
of which (No. 1) had served as the Ballard parent of combination 3, progenies of 
four and five individuals, respectively, were grown in 1925. These plants were 
uniformly almost fuzzless, showing only a minute tuft of fuzz at the small end 
of the seed. Selfed seed of a plant (No. 1-2) in the 1925 progeny of plant No. 1 
gave rise to a progeny of 10 plants grown at Saeaton in 1926. 

The behavior at Green¬ 
ville, rather than the ab¬ 
sence of fuzzy seeds in the 
very small * populations 
grown at Saeaton in 1924 
and 1925, led the writers 
to believe that this family 
is homozygous smooth 
seeded, and' on this assump¬ 
tion it was used in crosses 
with other families in 1924. 

It was a surprise, therefore, 
to find the 1926 Ballard 
progeny segregating in the 
proportion of seven naked 
or nearly naked to three 
fuzzy. The several types 
of segregates were exactly 
duplicated in F 2 of the cross 
Ballard X Lone Star (com¬ 
bination 3). The fuzzy- 
seeded individuals were 
very similar to Lone Star 
(fig. 3, A) having seeds 
completely covered with 
typical upland fuzz. (Fig. 

4, D). Of the smooth- 
seeded segregates, two had 
approximately the quan¬ 
tity of fuzz (chiefly at the 
small end) characteristic 

9?. . T sm ^^k-^6eded y IG 2.—Seeds of the Ballard upland parental family, showing the 

rima tamily (ng. 4, OJ, typical fuzzless condition and the long slender funiculus or seed 
while the other five stalk 

had the seeds entirely or almost entirely devoid of fuzz (fig. 4, A and B). 

The possibility is not excluded, in spite of the precautions taken at Saeaton to 
avoid such errors, that seeds resulting from natural cross-pollination of unpro¬ 
tected flowers on plant No. 1 of 1924 may have been gathered accidentally with 
the selfed seeds of this plant and that a'plant grown in 1925 from such a cross- 
pollinated seed was the mother of the 1926 progeny. This seems a reasonable 
explanation of the segregation observed in progeny 1-2 of 1926, because, as will 
be shown in discussing combination 3, of which plant No. 1 was the Ballard 
parent, the result in Fj affords evidence that this plant was homozygous for 
smooth seeds. 

Yet, although we may assume homozygosity of the particular individual of 
the 1924 Ballard progeny which gave rise to the segregating Ballard progeny of 
1926, it will be seen from the results in F s of another cross (combination 7) that 
not all of the plants in the 1924 progeny of the Ballard family were homozygous: 
It is probable, therefore, that the seeds sent from Greenville and planted at 
Saeaton in 1924 included some which had resulted from accidental cross-polli¬ 
nation with a fuzzy-seeded upland cotton. 

* It may be noted here that the IVs of these crosses were uniformly smooth seeded, but the populations 
were too small to afford proof that the Ballard parents were homozygous for smooth seeds. 
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Tig. 3.—Seeds of the homozygous fuzzy-seeded upland 
parental families. A, Lone Star; B, Acala; C, Eolaon 


There is a tendency in this 
family, as is often the case in naked- 
seeded variations of upland cotton, 
to suppression of the long hairs or 
lint as well as of the shorter hairs 
or fuzz. (See fig. 10, p. 213.) 9 
None of the smooth-seeded segre¬ 
gates in the 1926 progeny at 
Saeaton was entirely lintless, but 
some individuals had very little 
while others had fairly abundant 
lint. Another characteristic of the 
typical naked seeds (fig. 2) is the 
long and very slender stalk (funic¬ 
ulus). In this, as in other seed 
characters, the naked-seeded vari¬ 
ants of upland cotton resemble the 
“Hindi” cotton which occurs as a 
weed in fields oi cultivated cotton 
in Egypt ( o , p. 12). 

LONE STAR UPLAND 

A population ot eight individ¬ 
uals, from setfed seed of a plant 
grown at Saeaton in 1919, was 
grown in 1924. Different individ¬ 
uals in this progeny served as one 
of the parents of combinations 3,6, 
and 9, respectively. (Table 4.) 
Selfed seed of another individual 
(No. 7) in this population gave rise 
to a progeny of nine individuals 
grown in 1925, and from selfed seed 
of one of the plants(7-4)in the 1925 
progeny a progeny of nine individ¬ 
uals was grown in 1926. In all 
three generations all individuals 
showed the condition characteristic 
of the Lone Star variety and or 
most upland cottons, the "seeds be¬ 
ing covered with whitish fuzz much 
longer than that of Pima Egyptian. 
{Fig. 3, A.) The density "of the 
fuzz varies, however, there being 
areas on some of the seeds of nearly 
all plants where the fuzz is so 
sparse that the dark seed coat 
shows through. On one plant of the 
1926 progeny all of the seeds were 
thus characterized. 

ACALA UPLAND 

In a progeny of the third inbred 
generation, grown in 1924, one of 


9 In the segregates of combinations of which 
this family furnished one of the parents, it 
was not always easy to make a sharp distinc¬ 
tion between lint hairs and fuzz hairs. The 
difference between the two kinds of hairs is 
stated by Balls Q f p. 88) as follows: “The 
hairs of the fuzz are distinguishable from 
those of the lint by their much greater di¬ 
ameter, even in the earliest stages of their de¬ 
velopment. They are as a rule about twice 
the diameter of a lint hair, or more. They 
arise m much the same way, at the same time, 
and from the same layer of cells.” 
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the plant" was used as the male parent of combination 4. (Table 4.) From selfed 
-eed of the ; ame individual (No. 22 1 a progeny of 11 plant* was grown in 1925, 
and selfed >&«\ oi a plant in this progeny (22-5) gave ri>e to a progeny of 10 
individual" grown in 1920. Both 1925 and 1920 progenies were homozygous for 
fazzv >eed>, a condition typical of the Acala variety. The fuzz, whitish in 
cnlnr. was shorter than in Lone Star and covered the seed completely, although 
H"uallv less densely on the iaees than on the ends of the seeds. (Fig. 3, B.j 



Fin. 4.—Seeds of Fs plants of combination 3, a cross between a smooth-seeded upland (Ballard) 
and a fuzzy-seeded upland (Lone Star), showing the several types of segregates: A, fuzzless; B, 
nearly fuzzless, C, w ith localized fuzz, classed as smooth seeded; D, completely fuzzy 


HQLDGN UPLAND 

No record was made of the seed coat condition in the progeny oi 1924 which 
furnished the male parent of combination 5 (Table 4), but it Was of the fifth 
inbred generation, and its ancestors were uniformly fuzzy seeded. The 10 
plants of a progeny grown in 1926 were typical in having the seeds completely 
covered with nearly pure white fuzz, much longer and denser than in the Lone 
Star and Acala parental families. (Fig. 3, C.) 

Comparing the several parental families, it will be noted that the 
seeds of the fuzzy-seeded uplands (fig 3) are more completely covered 
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and have longer fuzz than the seeds of the fuzzy-seeded Pimas (fig. 
1, B and C). On the other hand, the seeds of the Ballard upland 
family (fig. 2) are more nearly naked than the seeds of the smooth- 
seeded Pima family (fig. 1, A). 

BEHAVIOR OP THE CHARACTER IN THE HYBRID POPULATIONS 


The results in F x and F 2 are presented in Table 4. The hybrid 
populations were too small to afford conclusive evidence of the manner 
of inheritance of this seed character, but the data are useful as 
suggesting lines of future investigation. 


Table 4. —Inheritance of the seed-coat character in various combinations of Pima 
Egyptian and upland cottons 


Character of seed coat of 
individuals which served 
as parents of the crosses 


Combination 


F x« 


Smooth 


Smooth X fuzzy (Pima X 
Pima). 

Smooth X fuzzy (upland X 
upland). 


;<1) P-SS-7 X P Parker. 

(2) P Parker X P-SS-7. 

(3) Ballard X Lone Star_ 


7 
6 

8 
8 

12 


Fuzzy X fuzzy (Pima X 
upland). 


Smooth X smooth (Pima X 
upland). 

Fuzzy x smooth (Pima X 
upland). 

Smooth X fuzzy (Pima X 
upland). 


1 (4) P spotless X Acala. 

(5) P spotless X Holdon—. 
(6) P Parker X Lone Star.- 

}(7) P-SS-7 X Ballard. 

}(8) P Parker X Ballard. 

}(9) P-SS-7 X Lone Star_.. _ 


0 

0 

0 

0 

0 

0 

8 

10 

10 

9 

0 

0 


F 2 6 


Smooth 

Fuzzy 

(?) 

19 

7 


15 

6 


22 

0 

5 

25 

1 

6 

21 


0 

[ 23 


20 

3 


12 

9 

1 

2 

11 

1 





a Except in combination 3, two Fi progenies, representing crosses between different individuals of the 
same parental families, were grown in 1925. 

6 Each Fa progeny was grown from selfed seed of a single plant in the Fi progeny which is on the same 
lme in the table. 


Combinations 1 and 2 (Table 4) are reciprocal crosses between 
representatives of the smooth-seeded Pima family which furnished 
one of the parents of the crosses (AxH, etc.) described in the earlier 
pages of this paper and a fuzzy-seeded Pima family (P Parker) not 
related to the “spotless” family which furnished the fuzzy-seeded 
parents of crosses AxH, etc. The inheritance in combinations 
1 and 2 is similar to that in the crosses previously described—domi¬ 
nance of smooth seededness in Fi and monohybrid segregation in F a . 

In the quantity, character, and distribution of the fuzz, and the 
smooth-seeded segregates in F 2 were like the smooth-seeded parental 
family, P-SS-7 (fig. 1, A), and the fuzzy-seeded segregates in F 2 
were like the fuzzy-seeded parental family, P Parker (fig, 1, B). 
The results suggest, although they do not prove, that the “Parker” 
family of Pima has the same major factor for seed fuzziness as the 
“spotless” family which furnished the fuzzy-seeded parents of 
combinations A X H, etc. 

Combination 3 (Table 4) is a cross between a smooth-seeded 
family of upland cotton (Ballard naked seeded) and a family repre¬ 
senting the typical condition in a very fuzzy-seeded variety of up¬ 
land cotton (Lone Star). From presumably selfed seed of plant No. 
1, the Ballard parent of this combination, four plants were grown in 
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1925, and all were smooth seeded; but a progeny of 10 plants grown 
in 1926 from selfed seed of a plant in the 1925 progeny segregated in 
the proportion of seven smooth seeded to three fuzzy seeded. Yet, 
as was stated in the account of the Ballard parental family, this segre¬ 
gation may have been due to accidental planting in 1925 of a seed 
resulting from natural cross-pollination on plant No. 1 of 1924, in 
which case it does not follow that the 1924 plant itself was heter- 
t ozygous. That it was, on the contrary, homozygous is indicated by 
the fact that in of combination 3 all 12 of the plants were smooth 
seeded. 10 If the Ballard parent of this combination had been heter¬ 
ozygous, the Lone Star parent being homozygous recessive, half of 
the Fi plants should have been fuzzy seeded. The value of x 2 (.1%) 
indicates a chance of less than one in a thousand that the absence of 
fuzzy-seeded individuals in Fj is fortuitous. The F 2 segregation 
suggests a ratio of three smooth to one fuzzy, the x 2 of 0.6 indicating 
a chance of 1 in 2.3 that the departure of the observed distribution 
from the distribution expected with this ratio is fortuitous, 

Of the 22 segregates in F 2 , classed as smooth seeded, 18 had seeds 
that were completely fuzzless or very nearly so (fig. 4, A), three had 
seeds with minute tufts of very short fuzz, usually at the small end of 
the seed (fig. 4, B), and one had seeds with somewhat more fuzz than 
in the smooth-seeded Pima family (fig. 4, C). The fuzzy-seeded segre¬ 
gates resembled the Lone Star parent in the character and distribu¬ 
tion of the fuzz. (Fig. 4, D.) 

Combinations 4, 5, and 6 (Table 4) represent interspecific hybrids 
involving two fuzzy-seeded Pima families and three families, typical 
of as many varieties, of fuzzy-seeded upland. All of these families 
are believed to be homozygous recessive. One of the Pima families, 
P spotless (fig. 1, C), is the same involved in the crosses (AxH, 
etc.), described in the earlier pages of this paper, and the other, P 
Parker (fig. 1, B), was one of the parents of the reciprocal combina¬ 
tions 1 and 2. Of the three upland parental families, Acala had 
the least fuzzy seeds and Holdon the fuzziest seeds. (Fig. 3.) 
s In Fj all individuals of the three combinations resembled the up¬ 
land parent in the character and distribution of the fuzz. In F 2 of 
combination 4, 25 of the 26 plants had fuzz over the entire surface 
of the seed and many plants had much longer and denser fuzz than 
the Acala parent. The extremes of fuzziness among these 25 plants 
are shown in Figure 5, A and B. 11 In F 2 of combination 5 all of the 
21 plants had the seeds covered with fuzz. On several plants the 
fuzz was shorter and less dense than on Holdon upland, the fuzzier 
seeded parent, while a few plants had even longer fuzz than Holdon. 
The extremes of fuzziness in this progeny are shown in Figure 5, 
C and D. In F 2 of combination 6, only 2 of the 23 plants had less 
fuzz than the upland parent (Lone Star), 1 plant having most of the 
seeds completely covered and the remaining seeds at least half 
covered, while the other plant resembled the Pima parent (P Parker) 
in the average quantity of fuzz present. Most of the remaining 21 


10 In addition to the Fi progeny recorded in Table 4, two other F 1 progenies, representing the reciprocal 
combination Lone Star X Ballard, were grown in 1925 from crosses made in 1924 between other individuals 
of the same parental families. These comprised, respectively, nine and five plants, all smooth seeded, 

11 The exceptional plant had most of the seeds as smooth as or smoother than in the smooth-seeded Pima 
family <fig. l. A), whereas a few of the seeds were comparable in fuzziness to those of the Pima Parker family 
fig. 1, B). The presence of this plant was almost certainly due to accident. This can not be proved, but it is 
highly improbable that a plant so nearly smooth seeded, alone in a progeny of 26, could have come from 
a cross between a fuzzy-seeded Pima and a fuzzy-seeded upland. 
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plants had longer and denser fuzz and several of them had much 
longer and denser fuzz than the fuzzier seeded (upland) parent. 
The range of seed fuzziness in this progeny is shown in Figure 6. 

The parental phenotypes involved in combinations 4, 5, and 6 are 
similar to those involved in a cross between a very fuzzy-seeded 
upland family (Holdon variety) and a rather fuzzy seeded Egyptian 
family (Pima variety) described in an earlier publication (8 ). The seed 
fuzziness of the Egyptian parental family was similar to that of the 
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Fig. 5.—Seeds of F 2 plants of crosses between a fuzzy-seeded Pima and a fuzzy-seeded upland, 
showing the two extremes of fuzziness: A and B, combination 4 (P spotless X Acala); C and 
D, combination 5 (P spotless X Holdon) 

Pima family (P Parker) to which belonged one of the parents of 
combination 6, described in this paper. The upland parental family 
had all of the seeds covered with long white fuzz. In Fi of the cross 
the seeds were approximately as fuzzy as in the upland parent, but 
the fuzz was green or pale brown in color. The frequency distribu¬ 
tion of F 2 , as given in the publication cited (<§, p, 26 , jig. 41) f shows 
that a few individuals resembled the Pima parent in degree of fuzzi- 
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ness. The great bulk of the population was similar to F x and to 
the upland parent, and a number of plants exceeded the upland 
parent (fuzz much longer). Reexamination of this material confirms 
the conclusion that while no simple Mendelian ratio is determinable, 
the upland condition as to fuzziness is dominant over the Pima 
condition. In a total of 191 F 2 plants, only 7 resembled the Pima 
parent and none had smoother seeds. The seeds of 19 plants were 



Fig. 6 —Seeds of F 2 plants of combination 6, a cross between a fuzzy-seeded Pima and a fuzzy- 
seeded upland (P Parker X Lone Star), showing the several types of segregates: A, the least 
fuzzy; B, less fuzzy than the average of the progeny; C, seed of average fuzziness; D, the most 
fuzzy 

much fuzzier than the seeds of the Pima parent, although some of 
them were not completely covered. The remaining 165 plants had 
the seeds completely covered, and on many of these the hairs were 
longer than in the upland parent. There was also pronounced 
dominance of the greenish or brownish color of the Egyptian fuzz 
over the white color of the upland fuzz. 12 


12 A large majority of the Fa individuals showed the greenish or brownish fuzz color of the Egyptian 
parent as compared with the whitish color of the upland parent. Considering green alone, this color 
was apparent in 78,4 per cent of the Fa population, while in 21.6 per cent the green color was not present, 
or at least was not apparent. The difficulty of classifying seeds in respect to color of the fuzz (3, p. 145 ) 
is a serious obstacle to the study of the inheritance of this color character. 
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Combination 7 (Table 4) represents an interspecific hybrid be¬ 
tween a smooth-seeded Egyptian (Pima) family and the Ballard 
family of upland cotton. The individuals which served as the 
Egyptian parents belonged to the same family as the smooth-seeded 
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Fig, 7.—-Seeds of Fs plants of combination 7, a cross between the smooth-seeded Pima family 
(P-SS-7) and the smooth-seeded Ballard upland family, showing the several types of segregates: 

A, fuzzless, seeds strongly adherent; B, fuzzless, seeds weakly adherent; C, nearly fuzzless; D, 
with fuzz localized at the small end of the seed; E, with fuzz localized at the large end of the seed; 

F, completely fuzzy. (A to E were classed as smooth seeded) 

parents of the Pima X Pima combinations AxH, etc.., and 1 and 2 
(Table 4) and were unquestionably homozygous. The individuals 
which served as the upland parents were phenotypically smooth 
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seeded. Whether they were homozygous or heterozygous was not 
determined by growing progenies from self-pollinated seed, and the 
absence of fuzzy-seeded individuals in Fi does not answer the question, 
the Pima parents having been homozygous for smooth seeds. The 
segregation in F 2 (20 smooth, 3 fuzzy) and the uplandlike character 
of the fuzzy-seeded segregates indicate, however, that the Ballard 
parent of the corresponding F x progeny was heterozygous. The 
value for x 2 of the departure from a 3:1 ratio in F 2 is 1.75, indicating 
a chance of 1 in 5.4 that the departure is fortuitous. 

In Fi all individuals were recorded as having the seeds completely 
devoid of fuzz. Of the 20 smooth-seeded segregates in F 2 , 5 had 
the seeds entirely devoid of fuzz (fig. 7, A ana B), 13 12 showed the 
merest trace of fuzz (fig. 7, C), and 3 had a small tuft at either the 
large or the small end of the, seed, the quantity of fuzz being about 
the same as in the smooth-seeded Pima family, although the hairs 
were longer (fig. 7, D and E). The three fuzzy-seeded segregates 
were similar to Lone Star in the quantity and distribution of the 
fuzz, but the hairs were longer than is usual in that variety. (Fig. 
7, F.) It is interesting that the recessives of a hybrid between a 
smooth-seeded Pima and a phenotypically smooth-seeded upland 
showed even more than the normal upland degree of fuzziness. It 
is also to be noted that 17 out of 20, or 85 per cent, of the smooth- 
seeded F 2 segregates had the naked or very nearly naked seeds of 
the upland (Ballard) parent. 

Combination 8 (Table 4) represents the interspecific hybrid 
Egyptian X upland in which the Egyptian (Pima) parents belonged 
to a fuzzy-seeded (homozygous recessive) family and the upland 
parent belonged to the Ballard family. The individual plant of the 
latter family used as the male parent in both crosses of this com¬ 
bination was phenotypically smooth seeded, but whether it was 
homozygous or heterozygous was not determined by planting self- 
pollinated seed. The fact that both Fi progenies had the seeds uni¬ 
formly devoid of fuzz suggests that the upland parent was homozy¬ 
gous, because if it had been heterozygous a 1:1 ratio should have 
appeared in Fj. The values for x 2 of the departures from this ratio 
in the two F x progenies are 10 and 9, respectively, indicating chances 
of only about 1 in 640 and 1 in 370 that the departures are fortuitous. 
For the two F x progenies, as one array, x 2 —19. 

The observed segregation in F 2 of combination 8 (12 smooth, 9 
fuzzy) throws no fight upon the constitution of the upland grand¬ 
parent, since the Egyptian grandparent having been recessive, the 
F s progeny of a phenotypically smooth-seeded F x plant should give 
a 3:1 ratio, whether the smooth-seeded (upland) grandparent was 
homozygous or heterozygous. The departure of the observed 
distribution in F 2 (omitting the one individual of doubtful classifica¬ 
tion) from the distribution expected with a 3:1 ratio gives a x 2 ol 
3.57, indicating a chance of about 1 in 16 that the departure is 
fortuitous. 

Of the 12 smooth-seeded F 2 segregates, 6 had the seeds devoid of 
fuzz or very nearly so (fig. 8, A), 5 showed minute tufts of fuzz 

13 Four of these five plants had some of the seeds adherent (fig. 7, A and B), although less tightly so 
than in typical “Kidney cotton’ 2 as described by Lewton {10). This character appeared in none of the 
other combinations described in this paper and was not observed in either of the families to which the 
parents of combination 7 belong. It is perhaps to be regarded as one of the remote ancestral characters 
which Teappear in hybrids between different species of Gossypium (8,p. 89-41), The occurrence of 
“kidney” seed in a naked-seeded variant of upland cotton was noted by B. A. Allard GO. 
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(fig. 8, B), and 1 resembled the smooth-seeded Pima family in the 
quantity and distribution of the fuzz (fig. 8, C). The doubtful indi- 



Fig. 8 —Seeds of Fa plants of combination 8, a cross between a fuzzy-seeded Pima family (P Parker) 
and the smooth-seeded Ballard upland family, showing the several types of segregates: A, fuzzless; 

B, nearly fuzzless (most of the hairs showing are adherent lint hairs); C, having localized fuzz, 
but classed as smooth seeded; D, uncertain, having both fuzzy and nearly fuzzless seeds; E, least 
fuzzy of the fuzzy-seeded class; F, most fuzzy of the fuzzy-seeded class 

vidual had some of the seeds devoid of fuzz and others more or less 
fuzzy. (Fig. 8, D.) Of the nine fuzzy-seeded segregates, eight had 
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all the seeds completely covered with uplandlike fuzz (fig. 8, F), 
but there was considerable variation from plant to plant in the length 
of the fuzz and in its color, which ranged from white to a rather vivid 
green. In the ninth fuzzy-seeded segregate all of the seeds had 
uplandlike fuzz (fig. 8, E), ranging in degree from half covered to 
completely covered. 

The fact that the fuzzy-seeded segregates in F 2 of combination 8 
resembled upland cotton rather than Pima in the quantity and length 
of the fuzz on the seeds points to the conclusion that the Ballard 
parent of this cross, while probably homozygous for the major factor 
which determines smooth seededness as contrasted with fuzzy seeded¬ 
ness, also carried an intensifier for fuzziness which could express 
itself in F 2 only in those segregates which possessed the major factor 
for fuzziness contributed by the Pima parent of the combination. 

Combination 9 (Table 4) represents the interspecific hybrid Egyp¬ 
tian X upland in which the Egyptian (Pima) parent belonged to the 
homozygous smooth-seeded family which furnished one of the parents 
of the'crosses (AxH, etc.) described in the earlier pages of this 
paper, and of combinations 1 and 2 in Table 4; and the upland parent 
belonged to a typical family of the very fuzzy-seeded variety Lone 
Star. This combination affords the only indication of dominance 
of the fuzzy-seeded condition over the smooth-seeded condition 
obtained in this investigation. In the two Fi progenies of 10 plants 
each, all were fuzzy seeded. 14 The segregation in F 2 was less clear cut 
than in the other combinations, but dominance of the fuzzy-seeded 
condition is strongly indicated, since 11 of the 14 plants had fuzzy 
seeds. Disregarding one plant of doubtful classification, the value 
for x 2 of the departure of the observed distribution in F 2 from that 
expected with a ratio of 1 smooth to 3 fuzzy, is 0.64, indicating a 
chance of about 1 in 2.5 that the departure is fortuitous. 

In both Fi progenies many of the plants had seeds that were only 
partly covered with fuzz. Of the fuzzy-seeded segregates in F 2 , six 
had the seeds completely covered (fig. 9, F), but there was considerable 
plant-to-plant variation in the length of the fuzz and in its color 
(whitish, brown, or green). Another F 2 plant had most of the seeds 
completely covered and the rest almost completely covered (fig. 9, E ); 
whereas the remaining four fuzzy-seeded segregates ranged in degree 
of fuzziness from grade 5 to grade 9 of the Pima scale (fig. 9, C and D). 
The two F 2 plants classed as smooth seeded had somewhat more fuzz 
on the seeds than the smooth-seeded Pima family, corresponding to 
grade 2 of the Pima scale. (Fig. 9, A.) One plant in this F 2 progeny 
showed an anomalous condition. About half of the surface of the 
seed coat was sparsely covered with hairs which resembled short lint 
hairs, but there was a minute tuft of typical fuzz at the small end 
of the seed. (Fig. 9, B.) This plant probably belongs to the smooth- 
seeded class. 

A comparison of the results from combinations 3 and 9 (Table 4) is 
particularly interesting. In combination 3 a phenotypieally smooth- 
seeded and probably homozygous upland plant was crossed with 
a homozygous recessive (fuzzy-seeded) upland plant, while in com¬ 
bination 9 a homozygous smooth-seeded Egyptian plant was crossed 

14 This result is not in accord with that noted by Thadani (IS), who states that in a cross of the com¬ 
paratively smooth-seeded Yuma variey of Egyptian cotton with a fuzzy-seeded upland, the smoother 
seeded condition was dominant in Fu 

62904—27-2 
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with a member of the same homozygous recessive upland family which 
furnished the fuzzy-seeded parent of combination 3. Dominance of 
the smooth-seeded condition is shown in combination 3 and domi- 



Fig. 9.—Seeds of Fa plants of combination 9, a cross between the smooth-seeded Pima family (P-SS-7) 
and a fuzzy-seeded upland family (Lone Star), showing the several types of segregates: A, having 
localized fuzz, as in the Pima family, and classed as smooth seeded; B, nearly fuzzless, most of 
the hairs being adherent lint hairs; C and D, Pimalike in the character and distribution of the 
fuzz (classed as fuzzy seeded); E, completely or almost completely fuzzy seeded, fuzz short arid 
sparse; F, completely fuzzy seeded, fuzz long and dense 
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nance of the fuzzy-seeded condition is shown in combination 9. Since 
there is no reason to doubt that the individual fuzzy-seeded parents 
of the two combinations were genetically identical in respect to this 
character, it would seem probable that the Ballard naked-seeded 
family of upland cotton and the smooth-seeded family of Egyptian 
(Pima) cotton have different factors for smooth seeds, the upland 
factor being dominant and the Pima factor recessive to the fuzzy-seed 
factor in Lone Star upland. This seems the less surprising in view of 
the fact that in the smooth-seeded upland family the fuzz normally is 
entirely wanting or reduced to a very slight trace (fig. 2), while in the 
smooth-seeded Pima family a pronounced though sharply localized 
tuft of fuzz is almost invariably present (fig. 1, A). 

The conclusion that the factors for smooth seed in the two families 
are different might be regarded as weakened by the behavior of the 
cross between them (combination 7), since the uniformly smooth- 
seeded condition in Fi suggests that the Egyptian and the upland 
parent had the same major factor for smooth seededness. On the 
other hand, the fact that 85 per cent of the smooth-seeded segregates 
in F 2 resembled the upland rather than the Egyptian parent in their 
naked or very nearly naked seeds, strengthens the assumption that 
the smooth-seeded forms of the two types of cotton have a different 
factorial constitution. 

The factor for smooth seeds in Pima, although recessive to the 
factor for fuzzy seeds in Lone Star upland, is dominant to the factor for 
fuzzy seeds in Pima, as is shown clearly by the results with combina¬ 
tions A XH, etc., described in the earlier pages of this paper, and with 
combinations 1 and 2. (Table 4.) It may be recalled in this con¬ 
nection that the degree of fuzziness in the fuzzy-seeded Pima families 
(fig. 1, B and C), is always much less than in the Lone Star upland 
family (fig. 3, A). 

It can not be determined from the results with combinations 4, 5, 
and 6 (Table 4) whether the fuzzy-seeded Pima and upland families 
differ in the major factor for seed fuzziness, although it is almost 
certain that the two types of cotton possess different modifying factors 
for this character. This supposition is favored by the occurrence of 
typical upland fuzz in some of the F 2 segregates of a cross between 
a fuzzy-seeded Egyptian plant and a presumably homozygous smooth- 
seeded upland plant (combination 8); and also by the fact that in 
crosses between a fuzzy-seeded Egyptian and a fuzzy-seeded upland 
(combinations 4, 5, and 6) many of the F 2 segregates exceeded the 
fuzzier seeded (upland) parent in the length and density of the fuzz. 
It also seems likely that the fuzzy-seeded upland parental families 
differ genetically. This is indicated by a comparison of the fuzziest 
seeded segregates of combinations 4 and 5. The same-homozygous 
Egyptian (Pima) family furnished one of the parents of these com¬ 
binations, but the upland parent was of the Acala variety in combina¬ 
tion 4 and of the Holdon variety in combination 5. Holdon (fig. 3, 
C) has much longer and denser fuzz than Acala (fig. 3, B), and some 
of the F 2 segregates of combination 5 (fig. 5, D) had much longer and 
denser fuzz than the fuzziest seeded F 2 segregates of combination 4 
(fig. 5, B). 
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LINKAGE RELATIONS 
SEED FUZZINESS AND PETAL SPOT 

The combinations described in the earlier pages of this paper 
(AXH, etc.) had as the fuzzy-seeded parents members of a Pima 
family characterized by almost complete absence of the large dark 
red petal spot which is of almost universal occurrence in the Egyptian 
type of cotton. The “ spotless” condition has been shown to be 
recessive to normal development of the spot and to be determined 
by a single major factor (9). It will be of interest to note the inherit¬ 
ance of this character in relation to that of smooth seededness in 
the combinations dealt with in this paper. 

The Pj of combinations AxH, etc., grown in 1924, had the spot 
present on all plants, although it was less developed than in the nor¬ 
mally spotted parent. This was in accordance with the results of 
previous observation (9 } p. J+91f). Likewise, as in the earlier investiga¬ 
tion (, 9, p. J±96) % the incompleteness of the dominance of spotted petal 
was shown in F 2 . The dominance is so nearly complete, however, 
that separate classification of the homozygotes and heterozygotes 
of the spotted class is very difficult and was not attempted in con¬ 
sidering the results in F 2 . 

Since spotless petal is recessive to the spotted condition and fuzzy 
seededness is recessive to smooth seededness, F 2 should exhibit a 
9:3:3: 1 ratio provided there is no linkage of the two genes and no 
differential survival among the several classes of gametes and zygotes. 

In determining wdiether the two characters are linked, the pro¬ 
cedure was as follows: The observed percentage of spotless individuals 
in F 2 having been 19.4 and the observed percentage of fuzzy-seeded 
individuals having been 27.6, the percentage of the spotless-fuzzy 
(double-recessive) class should have been 19.4 per cent of 27.6 per 
cent = 5.35 per cent. The expected percentages for the other classes, 
computed on the same basis, are: Spotted smooth (double dominant), 
58.35 per cent; spotted fuzzy, 22.25 per cent; and spotless smooth, 
14,05 per cent. The expected numbers in the several classes, cor¬ 
responding to the expected percentages, as compared with the 
observed numbers, are shown in Table 5. The value for x 2 (0.1628) 
indicates a very good fit, the chances being about 7 in 10 that the 
departure from the expectation is fortuitous. It may be concluded, 
therefore, that there is no linkage between the genes for presence of 
the petal spot and smoothness of the seed coat. 

On the assumption of a 9: 3: 3:1 ratio, which would make the 
expected numbers for the several classes 214.3, 71.4, 71.4, and 23.8, 
X 2 for the departure of the observed distribution is 8, indicating a 
chance of only 1 in 200 that the departure from the expectation is 
fortuitous, ^ It is probable, therefore, that there was a small degree 
of differential survival of gametes or of zygotes, favoring the class 
with spotted petals at the expense of the spotless class. For the 
departure from the expectation in this case (three spotted to one 
spotless), x 2 6.3, indicating a chance of only about 1 in 100 that 
the deficit of spotless individuals is fortuitous. There is also a smaller 
deficit of smooth-seeded individuals, but this departure probably is 
fortuitous, x 2 being only 1.3, 
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Table 5. —Percentages and numbers expected in the absence of linkage and numbers 
observed in the several classes in Fa of crosses between a spotted smooth-seeded and 
a spotless fuzzy-seeded family of Pima cotton 

[Combinations AXH, AXJ, BXH, B vj as one array] 


Class 


Spotted smooth. 
Spotted fuzzy.. 
Spotless smooth 
Spotless fuzzy.. 

Total. 


Number 

Percentage __ 


j expected | 

Expected ! 

Observed 

, 58 .35 

222 3 

221 

; 22 25 1 

84 8 

86 

: 14.05 j 

53. 5 

55 

5 35 j 

20 4 

19 

' 100 ; 

1 

381 

381 


SEED FUZZINESS AND ABUNDANCE OF LINT 


Working with “American cotton,” presumably upland, and 
crossing a smooth-seeded (fuzzless) form having sparse lint with a 



Fig. 10 .—Seeds, before and after removal of the lint hairs, showing the dominance of smooth seeds 
and abundant lint in a cross between two upland cottons made by W. W. Ballard: A, the 
parent which had smooth seeds and sparse lint; B, the parent which had fuzzy seeds and 
abundant lint; C, Fi which had smooth seeds and abundant lint 

fuzzy-seeded form having abundant lint, Thadani {12) found smooth 
seeds and abundant lint to be dominant in F,. In F 2 either character 
separately gave a near approach to a 3:1 ratio, whereas the distri¬ 
bution with respect to both characters was as follows: Smooth 
seeds and abundant lint, 103; smooth seeds and sparse lint, 54; 
fuzzy seeds and abundant lint, 53; fuzzy seeds and sparse lint, none. 
Thadani concluded that there is complete linkage of smooth seeds 
and sparse lint. 
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Similar crosses of two upland cottons were made in 1921 at Green¬ 
ville, Tex., by W. W, Ballard, to whom the writers are indebted for 
use of the resulting data. The two parent individuals having 
smooth seeds and sparse lint were of the same Ballard family which 
furnished one of the parents of combinations 3,^ 7, and 8 described 
in this paper. The two parent individuals having fuzzy seeds and 
abundant lint were of the Lone Star variety. Both Fi progenies 
showed complete dominance of smooth seeds and of abundant lint. 
Seeds, with and without lint, of the parents and of Fi are shown in 
Figure 10. From selfed seed of an individual in each Fi progeny, 
an F 2 progeny was grown at Greenville in 1923, the F 2 populations 
having comprised, respectively, 164 and 100 plants. ^ As classified 
by Ballard, the distributions in F 2 were strikingly similar to the one 
recorded by Thadani. In this case also either character separately 
gave a near approach to a 3:1 ratio, and the double-recessive class 
was not represented. 

In order to determine whether there is linkage of the two characters, 
the same procedure was followed as in dealing with seed fuzziness 
and petal spot. The percentages and numbers expected in case 
there were no linkages and the numbers observed in F 2 are shown in 
Table 6. Since x 2 of the departure of the observed from the ex¬ 
pected distribution amounts to 17.2 in progeny A and 8.2 in progeny 
B, the chances are very small that the departures are fortuitous; 
and it may be concluded that linkage of smooth seeds and sparse 
lint is complete or nearly so, as was the case in Thadani’s material. 
Whether there was crossing over, and if so, in what proportion, can 
not be determined with certainty, because of the relatively small 
size of the F 2 populations and the fact that the double-recessive 
class was not represented. 

Table 6 . —Percentages and numbers expected in the absence of linkage and numbers 
observed in the several classes in F% of crosses made by Ballard between a smooth- 
seeded sparse-tinted and a fuzzy-seeded abundant-lint ed family of upland cotton 


Class 


Progeny A 


Progeny B 

Percentage 

Number 

Percentage 

expected 

Number 

expected 

Expected 

Observed 

Expected 

Observed 

Smooth abundant-. 

57.2 

93.8 

84 

59.9 

59.9 

55 

Smooth sparse.-. 

19.0 

31.2 

41 

13.1 

13.1 

18 

Fuzzy abundant.. 

17.8 

29.2 

39 

22.1 

22.1 

27 

Fuzzy sparse-. 

; o.o 

9.8 

o 

4 9 

4.9 

0 

Total. 

100 

! 104 

104 

100 

100 

i ioo 

1 


SUMMARY 

. It is desirable that the seeds of long-staple cottons which are 
ginned on the roller type of gin should be as free as possible from 
fuzz or short hairs. This makes smooth seededness an important 
objective in breeding work. Knowledge of the manner of inherit¬ 
ance of smooth and fuzzy seeds will therefore be useful to cotton 
breeders. 
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This paper presents the evidence, from crosses between smooth- 
seeded and fuzzy-seeded cottons, that the inheritance of this char¬ 
acter is mainly of a simple Mendelian type. 

Crosses were made between representatives of a family of Pima 
Egyptian cotton homozygous for very little fuzz on the seeds, desig¬ 
nated the smooth-seeded Pima family, and representatives of a family 
homozygous for the much more fuzzy condition of the seed coat 
typical of the same variety. F x was uniformly smooth seeded and 
the segregation in F 2 was in the ratio 3 smooth to 1 fuzzy. The 
smooth-seeded and the fuzzy-seeded segregates closely resembled the 
respective parents. 

Third-generation progenies were grown from self-pollinated seed 
of 20 smooth-seeded and of 10 fuzzy-seeded F 2 plants. The progenies 
of fuzzy-seeded F 2 ’s were uniformly fuzzy seeded. Of the smooth- 
seeded F 2 plants, two were probably homozygous, their F 3 progenies 
having contained no fuzzy-seeded plants. The remaining 18 prog¬ 
enies showed segregation in various proportions, but when taken as 
one array, 24.6 per cent of the population were fuzzy seeded, and 
the departure from the expectation (25 per cent) was only one-fourth 
its probable error. The evidence justifies the conclusion that in the 
Pima variety the fuzzy condition is recessive to the smooth condition. 

The same and other smooth-seeded and fuzzy-seeded families also 
were used in another series of combinations. (Table 4.) Some of 
these were hybrids between very different species of Gossypium, 
Egyptian cotton (G. barbadense X ?) and upland cotton ( C . hirsutum ). 
The hybrid populations of these combinations were small, and the 
results obtained are to be regarded as suggesting rather than proving 
the nature of the inheritance. 

Of the families which furnished the parents of these combinations, 
the smooth-seeded family of upland cotton had the seeds almost 
entirely devoid of fuzz, hence much smoother than in the smooth- 
seeded family of Egyptian (Pima) cotton. The fuzzy-seeded families 
of upland cotton, on the other hand, had much fuzzier seeds than the 
fuzzy-seeded families of Egyptian (Pima) cotton. 

Crosses (combinations 1 and 2) between the smooth-seeded Egyp- 
- tian (Pima) family used in the first series of combinations and another 
fuzzy-seeded Egyptian (Pima) family, not related to the family used 
in the first series, showed similar dominance of smooth^ededness 
and monohybrid segregation in F 2 . t . 

The results of a cross between two plants of upland cotton, one 
phenotypieally smooth seeded and probably homozygous, the other 
homozygous for fuzzy seeds (combination 3), indicated that in upland 
cotton also there is dominance of the smooth condition, and mono¬ 
hybrid segregation in F 2 . 

Crosses between fuzzy-seeded Egyptian (Pima) and fuzzy-seeded 
upland families (combinations 4, 5, and 6) produced only fuzzy- 
seeded plants in F x and, almost certainly, only fuzzy-seeded plants 
in F 2 , the results indicating that all of these families were homozygous. 

A cross between a homozygous smooth-seeded Egyptian (Pima) 
plant and a phenotypieally smooth-seeded upland plant (combina¬ 
tion 7) gave a uniformly smooth-seeded F x and a near approach to 
a 3 (smooth) to 1 (fuzzy) ratio in F 2 . The occurrence in F 2 of fuzzy- 
seeded segregates which resembled upland cotton in the quantity 
and character of the fuzz, suggests that the individual of the 
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smooth-seeded upland family which served as one of the parents of 
this cross was heterozygous. 

A cross between a homozygous fuzzy-seeded Egyptian (Pima) 
plant and a phenotypically smooth-seeded upland plant (combina¬ 
tion 8) gave a uniformly smooth-seeded Fi and segregation in F 2 in 
the proportion of 12 smooth to 9 fuzzy, which, because of the small 
size of the population, is probably not a significant departure from 
a 3:1 ratio. Although the absence of fuzzy seeds in Fi indicates that 
the upland parent was homozygous in respect to the major factor for 
smooth seeds, yet this plant may have carried an intensifier for 
fuzziness, since the fuzzy-seeded segregates in F 2 had the upland 
degree of fuzziness. 

A cross between a homozygous smooth-seeded Egyptian (Pima) 
plant and a homozygous fuzzy-seeded upland plant (combination 9) 
gave only fuzzy-seeded plants in F x and segregation in F 2 in approxi¬ 
mately the ratio of 1 smooth to 3 fuzzy. In both hybrid generations 
there was considerably greater variation in the quantity and character 
of the fuzz than was the case with the other combinations. 

The behavior of combination 9 indicates dominance of the upland 
factor for fuzzy seeds over the Egyptian factor for smooth seeds, 
whereas in combination 3 the upland factor for fuzzy seeds was 
recessive to the upland factor for smooth seeds. Since the same 
(doubtless homozygous) upland family furnished the fuzzy-seeded 
parents of both combination, it may be concluded that different 
factors for smooth seeds occur in Egyptian and in upland cotton. 

It also seems probable that the slightly fuzzy condition of the 
smooth-seeded Egyptian is recessive to the naked or nearly naked 
condition of the smooth-seeded upland, since in the cross between a 
smooth-seeded Egyptian and a smooth-seeded upland (combination 
7) 85 per cent of the smooth-seeded segregates in F 2 had the seeds 
naked or very nearly so. 

The factor for smooth seeds in Egyptian (Pima), although recessive 
to the factor for fuzzy seeds in upland, is dominant to the factor for 
fuzzy seeds in Egyptian (Pima), as w T as shown in the earlier pages of 
this paper. 

The occurrence of modifying factors or intensifiers for fuzziness is 
indicated by the results from crosses of fuzzy Pima with fuzzy upland 
(combinajfcigns 4 JU Jh_and 6). That such a factor or factors may be 
carr’ca^by a plant homozygous for the major factor determining 
smoothness as contrasted with fuzziness is suggested by the results of 
the cross between fuzzy Pima and smooth upland (combination 8). 

The crosses described in the early pages of this paper had for their 
parents members of a Pima Egyptian family homozygous for both 
smooth seeds and normally spotted petals and members of another 
Pima family homozygous for both fuzzy seeds and almost spotless 
petals. Complete independence of the characters, smooth and 
spotted, is demonstrated by the results from these crosses. 

Crosses made by Ballard between members of a family of upland 
cotton having fuzzless seeds and sparse lint and members of an up¬ 
land family having entirely fuzzy seeds and abundant lint gave 
satisfactory evidence of complete or nearly complete linkage of fuzz¬ 
less seeds and sparse lint. The results confirm those which Thadani 
obtained with a similar cross. 
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THE PRODUCTION OF CERTAIN ENZYMES BY 
BACTERIUM PRUNI 1 


By S. L. Jodidi 

Associate Biochemist , Office of Plant Geography and Physiology , Bureau of Plant 
Industry , United States Department of Agriculture 

INTRODUCTION 

Erwin F. Smith (S, 0, 10 , p . 57-60) 2, observed that Bacterium pruni, 
studied and named by him, forms characteristic crystals when grown 
aerobically in skim milk. Upon request of Doctor Smith, the writer 
made a biochemical study of this disease-producing organism par¬ 
asitic on plum and peach trees (6, 8, 9 } 10, p . 57-60). The study 
led to the identification of the aforementioned crystals, which were 
shown to be made up of tyrosine, leucine, and higher fatty acids 
(4). Of these compounds tyrosine was identified by the xantho- 
protein, Millon, and Morner reactions and the melting point and 
nitrogen estimations, while leucine was identified by the form of its 
crystals, its ability to.sublime, and its melting point. Certain prop¬ 
erties of the third constituent of the crystals, namely, the light- 
specific gravity, the ability to form a fatty spot on paper, and the 
melting point, have shown it to be a mixture of stearic, palmitic, and 
myristie acids. These were demonstrated to be present partly in 
the free state and partly in the form of a calcium salt, as shown by 
the ability of the latter to form, on distillation, the corresponding 
ketones, stearone, palmitone, and myristone. 

PROTEOLYTIC AND LIPOLYTIC ENZYMES FOUND 

While the primary object of identifying the crystals had thus been 
attained, it was realized that a consideration of the enzymes produced 
by the microbe would throw additional light on its metabolism. 
Because of the occurrence in milk of the proteins casein, lactoglob- 
ulin, lactalbumin, and opalisin (i, p . 883; 5; 7), attention was natu¬ 
rally directed first to the proteolytic enzymes. The proteases are 
known to have the ability to digest and to split up proteins of plant 
and animal origin into amino acids (2,11). This was exactly the case 
when Bacterium pruni was grown in milk. DeSpite the fact that 
growth of the organism occurred at room temperature, and not at body 
temperature (37-38° C.)» generally considered to be the optimum tem¬ 
perature for the activities of enzymes (S, p. 521), the amino acids 
tyrosine and leucine have definitely been shown to result in the 
metabolism of the milk proteins by Bad . pruni . That tyrosine and 
leucine, the well-known constituents of casein, lactoglobulin, and 
lactalbumin, were shown to be among the products of growth of the 
microbe can not be surprising when it is considered that they are 
difficultly soluble amino acids. That other amino acids which may 
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have been present were not in evidence, was probably due to their 
greater solubility in the culture medium employed and perhaps also 
to the fact that because of their ready solubility they could be utilized 
by Bad. pruni for the structural process (building up its tissues). 

The occurrence of butterfat in milk directed attention to the pos¬ 
sible presence of lipolytic enzymes in the culture medium. Lipases 
are known to split fats into their component parts, glycerol and fatty 
acids (2, p. 237). This was true of the culture medium in which 
Bad. pruni was grown. Stearic, palmitic, and myristic acids were 
shown to be present in it. That the lower fatty acids, such as 
butyric, caproic, and caprylic, were not present in the crystals was 
probably due to their comparatively greater solubility in the nutrient 
medium. That a part of the identified acids referred to above has 
been found in the form of a calcium salt can not be surprising in 
view of the fact that calcium is known to be a normal constituent 
of milk. 

Mention should be made of the fact that the skim milk in which 
Bacterium pruni was grown had been sterilized on four consecutive 
days for fifteen minutes each, at a temperature of 100° C. This 
heating of the milk, which practically has a neutral reaction, could 
not possibly have any disintegrating effect upon its native proteins. 
The latter, it will be remembered, must be boiled for several hours 
with strong acids or alkalies before they can be split up into amino 
acids. Nor could the butterfat undergo hydrolysis under the con¬ 
ditions mentioned. Furthermore, the heated milk was perfectly 
free from enzymes which, while present in the original milk, were 
completely destroyed by the process of sterilization. Consequently, 
the amino acids and fatty acids found in the milk must necessarily 
be ascribed to the action of the enzymes which were elaborated by 
the microbe upon the milk constituents. 

SUMMARY 

Proteolytic and lipolytic enzymes have been shown to be present 
among the products of growth of Bacterium pruni in milk. 
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INHERITANCE OF WINTER HARDINESS AND GROWTH 
HABIT IN CROSSES OF MARQUIS WITH MINHARDI 
AND MINTURKI WHEATS 1 

Bv H. K. Hates, Head of Section of Plant Breeding , Division of Farm Manage¬ 
ment, Agronomy, and Plant Genetics , Minnesota Agricultural Experiment 
Station , and Collaborator , Office of Cereal Crops and Diseases , Bureau of Plant 
Industry, United States Department of Agriculture , and O. S. Aamodt, Astfo- 
date Pathologist , Office of Cereal Crops and Diseases, Bureau of Plant Industry , 
United States Department of Agriculture 

INTRODUCTION 

Winter wheat usually matures earlier than spring wheat and thus 
often escapes the hot, dry winds and rust which frequently injure 
spring wheat. When winterkilling is not a factor, the yield of 
winter wheat is greater, as a rule, than that of spring wheat. Winter 
wheat has the advantage of aiding in the distribution of labor upon 
the farm. For these reasons it is generally grown instead of spring 
wheat wherever it proves successful. 

The introduction of the hard red winter wheats into this country 
has resulted in a northward expansion of the area devoted to the 
culture of winter wheat. Low temperatures, combined with other 
environmental factors to which winter wheat often succumbs, have 
limited its wider use. The acreage of winter wheat abandoned 
annually in the United States, primarily as the result of winterkill¬ 
ing, varied from 1.1 to 28.9 per cent in the 25-year period from 1901 
to 1925, inclusive. The average abandonment for the five years 
from 1921 to 1925 was 12.5 per cent, and in 1925 the estimated per¬ 
centage was 21.7 (l). 2 

The development of more hardy varieties has made possible the 
successful growing of winder wheat in those areas where formerly it 
frequently was injured by winterkilling. As an illustration may be 
mentioned the variety Minturki, which was obtained by crossing 
Odessa, a late-maturing, winter-hardy variety, with Turkey. The 
new variety has proved very successful in southern Minnesota. 

In addition to the inability of fall-sown wheat to survive the winter 
in the upper Mississippi Valley, the hard red winter wheats have not 
measured up to the high standards of quality of grain which are 
characteristic of the better spring wheats. Marquis is undoubtedly 
the chief spring-wheat variety which is responsible for this difference. 
It is natural, therefore, that there should be a demaud for winter 
wheats of better quality and greater winter hardiness than those 
varieties now being grown in this area. This paper deals with the 
inheritance of these important characters in crosses between spring 


1 Received for publication May 31,1927; issued September, 1927. This paper is a report of cooperative 
investigations made by the Section of Plant Breeding of the Minnesota Agricultural Experiment Station 
and the Office of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department <?f Agriculture. 
It is published with the approval of the Director of the Minnesota Agricultural Experiment Station as 
paper No. 688 of the Journal Series of the Minnesota station. 

2 Reference is made by number (italic) to “Literature cited,” p. 235. 
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and winter wheats and with the production of improved strains of 
hard red winter wheats which will withstand the severe winters of 
the North-Central States, 

PREVIOUS STUDIES OF WINTER AND SPRING WHEAT TYPES AND 
INHERITANCE OF DIFFERENTIAL CHARACTERS 

Linnaeus (15), in his “ Species Plantarum,” 1753, classified wheat 
as spring ( Triticum aestivum) and winter (T. hybernum). Villars 
(21), in 1787, combined the two groups into T. vulgare . Clark, 
Martin, and Ball (6) classified varieties into the two classes, and 
other investigators (8, 10) placed the wheats in three general groups 
according to their manner of growth, as follows: 

(a) Winter-growing habit—those which, when sown in the spring, fail to head. 

(5) Spring-growing habit—those which fail to survive the winter when sown 
in the fall in the more northerly regions but head normally from spring sowing. 

(e) Intermediate forms—those which are hardy enough to survive the winter 
when fail sown and also mature as spring wheats "when spring sown. 

All fall-sown wheat varieties grown in the Great Plains area of the 
United States have the true winter habit. Most, if not all, of the 
wheats sown in the fall or winter in California and Arizona are true 
spring wheats. 

Takahashi (19) classified barley varieties on the basis of growth 
habit and winter hardiness, as follows: 

(a) Winter forms, which are winter hardy but fail to ripen when spring sown. 

(b) Spring forms, which are killed when planted in the fall. 

(c) Intermediate forms, which are winter hardy and also ripen when sown in 
the spring. 

(d) Pseudowinter forms, which have the winter habit from spring sowing but 
are not winter hardy. 

The first three groups in this classification of barley varieties cor¬ 
respond to those of wheat. The fourth class (pseudowinter) of the 
barleys undoubtedly comprises forms with the winter habit of growth 
which are not winter hardy. A similar class found in wheat is men¬ 
tioned in this paper. 

Fruwirth (10), Killer (14), Waldron (22), and Vavilov and Kouz- 
netsov (20) demonstrated that spring types could not be selected 
from pure lines of winter wheats. The selection of spring types from 
winter wheats was successful only in those cases where both types 
were present before the selections were made. Fruwirth was not able 
to alter the growth habit of pure-line selections by growing these out 
of season for several generations. A single head of wheat was divided 
into two parts, and the seed from one-half was sown in the fail and 
that from the other half in the spring. The selections were grown 
from fall and spring sowing for eight years and then both lots were 
sown together in the two seasons. The growth habit and periods of 
blossoming and ripening of the two lots were found to be the same. 

There are numerous reports in the literature on the relative resist¬ 
ance of wheat varieties to killing by low temperatures. There are 
relatively few reports, however, on the inheritance of cold resistance. 
Nilsson-Ehle (16), in Sweden, as early as 1900, began studies of 
the behavior of different varieties of winter wheat and their hybrids 
under various degrees of winter severity. Twelve years later he 
reported the results obtained from a cross between two medium- 
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hardy varieties of winter wheat. From this cross, lines were pro¬ 
duced which extended beyond the limits of the parents in both direc¬ 
tions. He concludes that the winter resistance character is inherited 
in the same manner as other quantitative characters and is controlled 
by several Mendelian factors. 

Hayes and Garber (18), in Minnesota, report the production of 
winter wheats which were more resistant to injury by low tempera¬ 
tures than either of the parents. Two of these varieties, Minhardi 
and Minturki, were produced by crossing Turkey and Odessa. 
Odessa is a very winter-hardy variety which was obtained from 
Eussia. Both Minturki and Minhardi have proved very winter 
hardy in Minnesota. They have proved even more winter hardy 
than the more hardy parent, Odessa, as has been demonstrated by 
Clark, Martin, and Parker (7), who have made a comparative test 
of the hardiness of winter-wheat varieties for a period of six years 
(1920-1925) over a wide area in the Northern States and adjacent 
Canada. 

From crosses between two varieties of intermediate cold resistance, 
Akerman (3), in Sweden, obtained hybrids, some of which were 
superior and others inferior to the parents. Most of the hybrids had 
an intermediate degree of cold resistance. 

Schafer (17), in a brief report of inheritance studies at the Wash¬ 
ington Agricultural Experiment Station, states that hardiness was 
recessive to nonhardiness in a cross between Turkey (winter) and 
Jenkin (club, spring) wheats. A majority of the F 3 rows showed 
severe winter injury. 

Martin, 3 after a study of the inheritance of cold resistance in 
crosses between Kanred and Minhardi, concludes that it is difficult 
to study cold resistance without controlling temperatures. A large 
number of crosses of bulk F 3 generations were studied which were 
intermediate in winter hardiness as compared with their parents. 
Martin 4 and Yassar 5 both obtained a low correlation between the 
survival of winter-wheat hybrid lines in certain of the segregating 
generations and the progeny of individually selected plants from 
these lines in the following generation. 

In 1918-19, 75 Fi plants from a cross between Marquis and Kanred 
were grown in the plant-breeding nursery at St. Paul, Minn. The 
fact that 73 of these plants survived the winter would seem to indicate 
that hardiness of the winter parent was dominant or partially so. 
The later generations w r ere all grown from spring seeding, and con¬ 
sequently no further studies of this character were made. 

Detailed reviews have been published of the inheritance of growth 
habit in crosses between spring and winter cereals (2, 8 , 11, 12). 
Only a brief summary will be given here. Two investigators, 
Spillman (18) and Fruwirth (9), report a dominance of the winter 
over the spring habit of growth. Caporn (5) found the F x intermedi¬ 
ate in time of ripening. Yavilov and Kouznetsov (20), Aamodfc 
(2), and Gaines and Singleton (12) report a dominance of the spring 
over the winter habit of growth and conclude that the inheritance 
of this character is controlled by multiple factors. Cooper (8) 


3 Martin, J. H. comparative studies of -winter hardiness in wheat. [In press.] 

4 Martin, J. H. Op. cit. 

* VASSAR, L. P. FIELD AND LABORATORY METHODS FOR A DETERMINATION OF WINTER HARDINESS IN 

winter-wheat hybsids. [Unpublished thesis, Univ. Minn.] 
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likewise reports a dominance of the spring over the winter habit, 
but explains his 13:3 F 2 ratio with a dominant factor for winter 
habit and an inhibiting factor of winter habit. The results re¬ 
ported by Cooper from the F 3 do not satisfactorily support the fac¬ 
torial hypothesis advanced for the F 2 . 

MATERIALS AND EXPERIMENTAL METHODS 

The principal varieties of wheat used in this study are Marquis, 
Minhardi, and Minturki. Marquis, a high-yielding, high-quality, 
hard red spring wheat, was used as the spring parent in crosses with 
Minhardi and Minturki as the winter parents. Marquis is reported 
by Martin 6 as being one of the hardiest known spring wheats when 
sown in the fall. Cooper (<?), at Ithaca, N. Y., found that the per¬ 
centage of winterkilling in fall-sown Marquis was not great. At 
St. Paul, Minn., (4) fall-sown Marquis has not been known to live 
through the winter. In the experiments reported in this paper it 
was planted as a check in about every eleventh row throughout the 
nurseries. 

The varieties used as the winter parents are two of the hardiest 
known winter wheats (7, 13). Minhardi shows the highest average 
winter survival of all varieties grown in the extensive hardiness trials 
conducted by Clark, Martin, and Parker (7). Minturki in these 
same trials had the third highest percentage of survival. Both of 
these wheats are selections from a cross made at University Farm, 
St. Paul, Minn., in 1902, between Odessa (Minn. Accession No. 558) 
and Turkey (Minn. Accession No. 829) (7). Minturki, while not as 
winter hardy as Minhardi, is superior in yield, quality, and resistance 
to attacks of stem rust and is nearly the equal of Minhardi in cold 
resistance. 

The plants were spaced 3 inches apart in the row and the rows were 
1 foot apart. The F x plants were grown from both fall-sown and 
spring-sown seed. The F 2 from fall sowing were grown in two plots 
at some distance from each other, and killing was more severe in one 
location than in the other. In F 3 and F 4 in the winter-wheat nursery, 
each hybrid line for which seed was available was grown in four 
systematically distributed rows, each row containing 25 seeds. The 
parents were grown as checks in a similar manner about every 
eleventh row. 

In order to average results from separate rows, a hardiness index 
figure was computed on the basis of 100 as representing a perfect 
stand of vigorous plants. The numbers of strong, weak, and dead 
plants were determined in the spring for each replication of each line. 
To obtain a figure for each row, the strong plants were given a value 
of 4, the weak 2, and the dead 0. The results were then calculated 
on a 25-plant basis, as there was not a full stand in all of the rows. 
The hardiness figures presented are averages of the hardiness of the 
separate trials. 

In the F 2 the plants which had survived the winter were selected 
for growing in the F 3 . Selections were made for early, medium, and 
late maturity. Others were selected on the basis of condition of the 
plant in the spring. Those that were large and vigorous in the spring 
were recorded as “strong,” while those which barely survived were 


8 Martin, J. H. Op. cit. 
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recorded as “weak.” In another experiment only vigorous plants 
were selected at random. 

Numerous references and citations could be made regarding the 
physiological studies on the nature of cold resistance in wheat and 
many other plants. Martin 7 has recently made a comprehensive 
study of the literature and the methods employed to determine the 
hardiness of a given variety of winter wheat. He states that “most 
characters suggested for a test of winter hardiness, if dependable, 
hold for only a limited number of varieties or limited set of condi¬ 
tions.” Studies of the inheritance of winter hardiness often are 
unsatisfactory because the winter may be too severe and may elimi¬ 
nate all or most all of the hybrid material, or it may be less severe 
and all of the plants may survive. The writers were fortunate in 
being so situated that the studies could be carried on under border¬ 
line conditions for killing. At University Farm, St. Paul, Minn., 
there is a rather consistent elimination of the less hardy plants and 
varieties and a survival of the hardier ones. In this study the deter¬ 
minations of winter hardiness were made in the field under conditions 
whereby the spring-wheat parent was eliminated when fall sown and 
the winter parent had a fairly high survival. 

When seed was available, progeny of the same F 2 and F 3 plants 
which survived the previous winter were grown also as spring wheats. 
In the spring sowings the date of emergence of the main spike of each 
plant was noted and all of the plants were placed in groups by weekly 
heading periods. One week from the day on which the first plant 
headed, tags were placed on plants on which one or more spikes had 
emerged. These comprised the first class. One week later the plants 
which had headed after the first period were tagged. These com¬ 
prised the second class. This process was followed until the end 
of the season, when no more plants headed. There were seven classes 
for heading periods and one class for nonheading, which comprised 
the true winter plants. 

Following the selection of the plants in the field for vigorous growth, 
they were threshed individually and a determination of the seed 
quality was made in the laboratory. The seed of each plant was 
examined for hardness, texture, and color. Those which were hard, 
vitreous, and dark red were selected for growing in the following 
generation. If the seed of all of the plant selections from any line 
appeared to be low in quality, the seed of at least one plant of that 
line was sown, in order to study the inheritance of its characters in 
the following generation. 

EXPERIMENTAL RESULTS 

STUDIES OF Fi AND Fa 

The Fi plants which furnished seed for the F 2 were grown in the 
spring of 1923. They headed approximately as early as the Marquis 
parent, while the winter-wheat parents, Minhardi and Miaturki, 
when sown in the same spring, failed to head. The Fj was also sown 
in the fall of the same year, in order to test its ability to survive the 
winter. F 2 generations, as well as the parental varieties, Marquis 
and Minhardi, were sown in the fall of 1923. None of the seed from 

! Maktin, J. H. Op. cit. 
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the Fj plants was saved for spring sowing, as the primary purpose 
was to study the inheritance of cold resistance in relation to other 
characters which differentiated winter and spring wheats. 

The results of these studies are given in Table 1. The winter was 
not particularly severe, and the Minhardi parent survived, 42 plants 
being classed as strong and 1 as weak. The Fi plants were all winter- 
killed. It will be remembered that the Fj headed practically as 
early as Marquis when sown in the spring. Apparently spring habit 
of growth is dominant over winter habit, and cold resistance behaves 
as a recessive character. From 33 to 55 per cent of the F 2 plants 
survived. 


Table 1 . —A comparison of the survival of Marquis , Minhardi , and Fi and Fg 
generations of Marquis X Minhardi and Marquis X Minturki wheats at Uni¬ 
versity Farm, St. Paul , Minnin the udnier of 1923-24 




Classified as— 

Per- 

Hardi- 


Total 

plants 




centage 
of sur¬ 
vival 

Variety or cross 

Strong 

Weak 

Dead 

ness 

index 

Marquis...... 

100 

0 

0 

100 

0 

0 

Minhardi__ _ __ 

43 

42 

1 1 

0 

100 l 

99 

Marquis X Minhardi, Fi_ __ .. 

12 

0 

0 

12 

0 

0 

Marquis X Minturki, Fi-..... 

12 

0 

0 

12 

0 

0 

Marquis X Minhardi, Fo._..... 

978 

429 

105 

444 

55 

49 

Do..-... 

1,029 

252 

85 

692 

33 

29 

Total or average Marquis X Minhardi, F 2 . 

2,007 

681 

190 ! 

1,136 

43 

39 

Marquis X Minturki, Fs... 

1,138 i 

453 

152 

533 

53 

49 






HARDINESS IN Fs 

Selection of individual plants was made in F 2 , and the F 3 lines were 
grown in replicated short rows from fall seeding. When sufficient 
seed was available, the Marquis X Minhardi F 3 lines were also grown 
in individual rows from spring seeding. The parental varieties, 
Marquis, Minturki, and Minhardi, were grown throughout the fall- 
sown nursery at intervals of about every eleventh row and also were 
included in the spring-sown nursery. As has been stated, a selection 
of plants in F 2 was made in the early spring on the basis of strength 
of plant and at maturity on the basis of period of ripening. The data 
on winter hardiness of the various types of selections are given in 
Table 2. 


Table 2. —The relation oj vigor and time of maturity in Fg to hardiness in Fg in 
hybrids from crosses of Marquis with Minhardi and Minturki wheats at Uni¬ 
versity Farm, St. Paul , Minn . 


Variety or cross 

Selection class in F 2 

Marquis... 


Minhardi. 


Minturki. 


Marquis X Minhardi, Fa.-.. 

Strong.. . . 

Do... 

Weak. 

Do. 

Early, good seed_- . _ 

Do. 

Early. 

Do. 

Midseason _ _ 

Do._. 

Late...... 

Marquis X Minturki, F 3 . 

Early. 

Do. 

Early, good seed.. _ 

* Do. 

Midseason. 

Do. 

Late. 




Num¬ 
ber of 
lines 

Num¬ 

ber 

hardy 

as 

winter 

parent 

Aver¬ 

age 

hardi¬ 

ness 

index 

13 


0 

33 


70 

15 


67 

45 

11 

28 

45 : 

0 

11 

35 

2 

27 

20 

2 ! 

17 

20 

2 ! 

S'* 

20 

0 1 


20 

0 


33 

0 

A 1 

20 

0 

;,A 

20 

0 

■ M 
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The winter of 1924-25 was more severe than that of the preceding 
year. Marquis was completely killed as usual, while Minhardi and 
Minturki had an average hardiness index of 70 and 67, respectively. 
Forty-five F 3 lines of Marquis X Minhardi, grown from seed of strong 
F 2 plants, had an average hardiness index of 28. Eleven of these 
were as hardy as the winter parent. Forty-five F 3 lines grown from 
seed of weak F 2 plants had an average hardiness index of 11, and none 
of these was as hardy as the winter parent. The selection of strong 
F 2 plants in the spring and the use of the progeny from these appeared 
to be worth while in this case. The selection of strong and weak 
plants was made in an F 2 row of Marquis X Minhardi in which winter- 
killing was especially severe. The selections for date of heading were 
made in plots of the F 2 of Marquis X Minhardi and Marquis X 
Minturki which were comparable, although winterkilling was less 
severe than in the plot where selections were made for vigor of plant. 
In the Marquis-Minhardi cross 55 plants which w T ere selected for 
early maturity in the F 2 had an average hardiness index of 23.4 in 
theF 3 ; 20 plants selected for midseason maturity produced progeny 
with an average hardiness index of 34; and 20 plants selected for late 
maturity produced progeny with an average hardiness index of 20. 
The average hardiness index for all three groups was 24.8. Four 
lines from the early-maturing plants and two from those maturing at 
midseason were as hardy as the winter parent. 

In the Marquis-Minturki cross, 53 plants were selected for early 
maturity in the F 2 . The progeny of these 53 early plants had an 
average hardiness index in the F 3 of 10.7; 20 plants selected for mid¬ 
season maturity produced progeny with an average hardiness index 
of 16; and 20 plants selected for late maturity produced progeny 
with an average hardiness index of 8. The average hardiness index 
for all three groups was 11.3. None of these lines was as hardy as 
the winter parent. 

These results indicate that those plants selected for an intermediate 
heading period produced progeny with a higher hardiness index, on 
the average, than the progeny of parent plants selected for early or 
late heading. 

The range of variability for the hardiness-index values in the F 3 
can be appreciated by a comparison of the results obtained from the 
individual hybrid lines in relation to the parents (Table 3). There 
were 185 lines of crosses of Marquis X Minhardi and 93 from crosses 
of Marquis X Minturki. Thirty of the 185 lines of the cross of 
Marquis X Minhardi were within the range of variability for hardi¬ 
ness of the Minhardi parent, while 6 of the 93 F 3 lines of Marquis X 
Minturki were within the range of variability of Minturki. It is 
desirable to state again that these results are averages for four 
replicated rows and are therefore fairly reliable. 


Table 3.; —Frequency distribution of parent checks and of 278 Fz lines from crosses of 
Marquis with Minhardi and Minturki wheats at University Farm , St. Paul f Minn . 


Variety or cross 

Class centers for hardiness index j 

Num¬ 
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lines 

Average 

hardiness 

index 
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Marquis. 

13 
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13 

0 

Minhardi... 











4 

? 

2 

6 

4 

g 

6 

5 

1 

33 

15 

70.3db3.4 

Minturki. 









1 



3 

3 

2 

3 

2 

? 

I 

67* 3=t2* 0 

Marquis X Minhardi. 

"26 

~23 

"23 

16 


Is 

li 

3 

4 

~5 

~9 

7 

7 

4 

1 


1 

1 


185 

22.4=1=1.0 

Marquis X Minturki. 

29 

21 

13 

U 

5 

4 

3 

1 

1 

2 



3 







93 

11 . l=bl.O 
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Another method of comparison was used which helps to bring out 
the nature of the results. As the parents were grown in about every 
eleventh row it was possible to compare the F 3 lines directly with the 
nearby parents. If an F 3 line was as hardy as one of the nearby 
parent fines, it was considered practically as hardy as the parent. 
On this basis, 17 of the 185 F 3 lines of Marquis X Minhardi were as 
winter hardy as the parents, but none of the 93 F 3 lines of Marquis X 
Minturki were so winter hardy. 

HARDINESS AND GROWTH HABIT IN Fs 

The relationship between hardiness and habit of growth was 
studied for 105 Marquis-Minhardi F 3 lines, where sufficient seed was 
available, so that they were grown from both fall and spring sowings. 
The distribution of the F 3 lines of different growth habits in the 
hardiness-index classes is shown in Table 4. Five classes were used 
in distributing the F 3 lines for growth habit when spring sowing was 
practiced. These are as follows: 

1. Homozygous winter, where all plants failed to head when sown in the spring. 

2. Heterozygous winter, where segregation occurred with a predominance of the 

winter type and late heading. 

3. Heterozygous intermediate, where segregation occurred with rather even dis¬ 

tribution over all periods of heading. 

4. Heterozygous spring, where segregation occurred with a predominance of the 

spring type. 

5. Homozygous spring, where all plants headed as spring wheats. 

Table 4. —Correlation of growth habit and winter hardiness of 105 F$ lines from 
crosses between Marquis and Minhardi wheats at University Farm , St. Paul , 
Minn. 
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3 
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33 
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Homozygous, winter. 


'2-1 


1 

2 

1 

1 

2 

1 

5 

3 

6 

2 



1 



27 
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This study shows that a correlation does exist between ability to 
survive the winter and winter habit of growth. Those lines which 
are homozygous for the winter growth habit have an average hardi¬ 
ness index of 46.5 ±2.3. Those homozygous for spring habit of 
growth have an average hardiness index of 4.1 ± 1.4. The F 3 heter¬ 
ozygous lines for growth habit were divided into three groups. Those 
with a predominance of winter types had an average hardiness index 
of 31.7 ±2.8; those which were like the F 2 distribution had an aver¬ 
age hardiness index of 15.1 ±0.8; and those in which spring types 
predominated had an average hardiness index of 11.1 ± 1.4. 

While these results do show a general relationship between resist¬ 
ance to winterlrilling and winter habit of growth, it is evident that 
some forms with a low winter resistance have the winter-growth 
habit, as some lines which were homozygous for winter-growth habit 
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killed out nearly as completely as the Marquis parent, when fall 
sown. Naturally, such strains are lost, because of their failure to 
head when spring sown, and their failure to survive when fall sown. 
Two of the lines when sown in the spring headed normally as late 
spring wheat and when sown in the fall had a fairly high hardiness 
index. 

HARDINESS IN F* 

Selection was made in F 3 on the basis of hardiness index and seed 
quality. As a rule, unless the seed type was particularly promising, 
only a single plant selection was made in each of the F 3 lines which 
were low in winter hardiness. In those lines, however, which were 
as winter hardy as the winter parent in F 3 , or approached this con¬ 
dition, larger numbers of plants were selected. Each F 4 line was the 
progeny of a plant selected in F 3 , and, as in previous generations, 
was grown in the fall-sown nursery in four replicated rows, each con¬ 
taining 25 seeds. Nearly all F 4 lines were grown also as spring- 
sown wheats. 

The frequency distribution for hardiness of the parents and crosses 
is given in Table 5. The severity of the winter was not greater 
than in 1924-25 when the F 3 was grown. The hardiness index of 
F 4 was much greater than that of F 3 . This is without doubt a result 
of selection in F 3 . 

Table 5. —Frequency distribution for winter hardiness of parent checks and o) 533 F A 
lines from crosses of Marquis with Minhardi and Minturki 'wheats at University 
Farm , St. Paul, Minn. 


Variety or cross 

Class centers for hardiness index 

Num¬ 

ber 

Average 

hardiness 

index 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

of 

linos 

Marquis.... 

53 



















53 

0 

Minhardi.... ___ 









1 

4 


7 

9 

— 

6 

6 

2 

2 


37 

66.2±1.1 

Minturki___ 













1 

4 

1 

3 

4 

2 

i 

16 

74.7=1=1.4 

Marquis X Minhardi, 
F«___„ 


4 1 

2 

9 

10 

21 

24 

51 

53 

48 

51 

38 

24 

22 

5 

S 

1 



371 

162 

43,7=b0.5 

Marquis X Minturki, 
Fi. 

1 

i 

2! 

3 

7 

6 

11 

u 

4 

1 

£ 

12 

* 

16 

10 

10 

1 

2 

2 

1 

1 


41.0:3=0.8 


_i 







To determine the extent to which hardiness in F 3 is correlated 
with that in F 4 , the hardiness index of the F 3 lines from which indi¬ 
vidual plants were selected was correlated with the hardiness index 
of progenies of these lines in F 4 . The results are presented in Table 6. 
The correlation coefficient was -f 0.1917 ±0.0282. While this is 
mathematically significant in the light of its probable error, it is 
very low. This low correlation is in agreement with those obtained 
by both Martin 8 and Vassar. 9 A high correlation could not be ex¬ 
pected for the reason that hardiness is a complex character and with¬ 
out doubt is dependent upon several genetic factors. In the hetero¬ 
zygous lines, plants with low cold resistance will be eliminated, and 
the occasional plant which survives in such heterozygous lines may 
be one which contains genetic factors for hardiness which are much 
above the average of the line. 


s Martin, J. H. Op. cit. 
* Vassar, L. F, Op. cit. 











Journal of Agricultural Research 


Vol. 35, No. 3 


232 


Table 6 . —Correlation of winter hardiness in 1925 and 1926 in crosses oj Marquis 
with Minhardi and Minturki reheats at University Farm, St. Paul, Minn. 


1926 winter hardiness 



As previously stated, nearly all F 4 lines which were grown as winter 
wheats were sown also in the spring. This was for the purpose of 
correlating the habit of growth with the winter hardiness. The F 4 
lines were placed in five classes for growth habit, as in F 3 . The 
classes were as follows: Those homozygous for winter habit, in which 
no plants headed when spring sown; those homozygous for spring 
habit, in which all plants headed when sowing w^as made in the 
spring; and three classes of heterozygotes, in which some plants 
headed and others failed to head. These three classes were made on 
the basis of the relative numbers of spring and winter types. It will be 
recalled that in F 3 there was a close relation between winter hardiness 
and habit of growth. No such close relation is evident in F 4 , although 
a slight tendency for such a relation is apparent (Table 7). 

Table 7. —Correlation oj growth habit and winter hardiness in F* lines f rom crosses 
of Marquis with Minhardi and Minturki wheats at University Farm , St. Paul, 
Minn. 
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These data prove that correlation between growth habit and cold 
resistance is not complete. Apparently it is possible to obtain 
spring wheats which are as winter hardy as the most winter-resistant 
varieties. The heading period and winter-hardiness index of several 
of the hardiest of these types, which were homozygous for heading 
when spring sown, are given in Table 8. The heading periods contain 
all plants which headed during certain intervals of seven days. 
Nearly all of the Marquis plants headed in the first week. The 
hybrids headed considerably later. Marquis X Minhardi F 4 line 
129-1 was spring sown in both F 3 and F 4 . More than 100 plants 
were grown in F 3 , and all headed during the second to the fourth 
week. There seems to be no doubt that this line is homozygous for 
ability to head when spring sown. 


Table S. —Period of heading of individual plants of Fa wheal hybrids of very winter- 
hardy lines in which all plants headed when sown in the spring at University Farm y 
$L Paul , Minn. 



DISCUSSION 

A study of the interrelation of habit of growth and winter hardi¬ 
ness in crosses between spring and winter wheats has been made. 
In these studies winter hardiness is without doubt a result of cold 
resistance. The w r inter habit of growth was differentiated from the 
spring habit on the basis of ability to head when spring sowing was 
practiced. There was a close correlation between growth habit and 
cold resistance, although the linkage relation was not absolute. 
Some lines were obtained from these crosses which were homozygous 
for ability to head when spring sown and were also highly winter 
hardy as determined from actual test. These lines are similar to 
those of certain German investigators who have observed types 
which are winter hardy and also produce heads when sown in the 
spring. These lines probably originated from crosses of spring and 
winter wheats as a result of the recombination of genetic factors 
for cold resistance and for habit of growth. 

From these results it appears that cold resistance is inherited in 
the same manner as other quantitative characters. A determina¬ 
tion of the number or nature of factors involved in an expression of 
growth habit and cold resistance is not possible from these studies, 
as approximately 50 per cent of the plants were winterkilled in F 2j 
and it is impossible to say whether these types which were eliminated 
were of wA&ter or spring habit. Without doubt the major part were 
of spring habit, as is shown by the close correlation in F 3 between 
spring habit and low winter resistance. 
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In the F 3 generation, 188 lines, each the progeny of an F a plant 
from the Marquis X Minhardi cross, were fall sown. In cases where 
all plants were not killed, at least one line from each F 3 was grown 
also in F 4 . Four lines bred true in F 3 and F 4 for a hardiness index 
equal to that of the winter-hardy parent. This indicates that m 
these crosses several genetic factors are necessary to explain the 
inheritance of cold resistance. 

SUMMARY 

The inheritance of growth habit and cold resistance has been 
studied in generations of Fi to F 4 crosses of Marquis with Minturki 
and Minhardi wheats. Winter wheats, when spring sown,. failed, to 
head, as a rule, at University Farm, St. Paul, Minn., while spring 
wheats such as Marquis were entirely winter killed, as a rule, when 
fall sown. The winter wheats Minturki and Minhardi are two of 
the most winter-hardy varieties for those sections where cold is a 
limiting factor. 

The Fi crosses headed as early as Marquis when sown in the spring 
and were entirely winterkilled when sown in the fall. Apparently 
spring-growth habit and low cold resistance are dominant over 
winter-growth habit and high cold resistance. 

The F 2 generations were sown in the fall, each cross being grown in 
two replicated plots. The hardiness index values ranged from 29 to 49 
for the four plots, and hardiness index values 0 and 99 were obtained, 
respectively, for Marquis and Minhardi, where 100 represented per¬ 
fect hardiness. Selection was made in the spring for vigor of plant 
in the Marquis X Minhardi cross. Those plants that came through 
the winter without injury were called “strong” and those alive but 
seriously injured were designated “weak.” Selection was also made 
at maturity, three classes being selected, early, midseason, and late. 

F 3 and F 4 hybrids were each fall sown in four replicated single rows 
each containing 25 seeds. An average hardiness index on the basis 
of a perfect stand of 25 plants was computed by multiplying each 
strong plant by four, each weak plant by two, and each dead plant 
by zero, and placing the results on a 25-plant basis. When seed was 
available, the F 3 lines of Marquis X Minhardi were sown also in the 
spring. Rows of the parents were sown about every eleventh row 
throughout both nurseries. 

The progeny of strong F 2 plants was, on the average, superior in 
winter hardiness to the progeny from weak ones. In both crosses 
the progenies of plants selected for midseason maturity were more 
winter hardy, on an average, than the progeny of those selected for 
either early or late maturity. 

In F a there was a close correlation between habit of growth and 
winter hardiness in the lines of Marquis X Minhardi which were 
sown both in the fall and in the spring. Some lines which were 
homozygous for winter habit were winterkilled almost completely, 
and some lines, homozygous for heading when spring sown, were 
rather winter hardy. 

Nearly all F 4 lines were sown both in the fall and in the springi 
In the F 4 lines the differences in winter hardiness between the lines 
homozygous for winter or for spring habit of growth were not very 
great. 
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Cold resistance and winter habit were strongly correlated in inher¬ 
itance, but the correlation was not absolute. Cold-resistant types 
which are capable of heading when spring sown probably are the 
result of a recombination of genetic factors for spring habit of growth 
obtained from Marquis with factors for cold resistance obtained from 
the winter-wheat parents, Minhardi and Minturki. 

When the heading periods of lines of similar dates of sowing were 
compared, the hybrid lines which were homozygous for heading when 
spring sown, and which were highly cold resistant, matured later in 
all cases than Marquis. 


LITERATURE CITED 


(1) Anonymous. 

1926. agricultural statistics. U. S. Dept. Agr. Yearbook 1925: 741- 
1514. 

(2) Aamodt, O. S. 

1923. THE INHERITANCE OF GROWTH HABIT AND RESISTANCE TO STEM 
RUST IN A CROSS BETWEEN TWO VARIETIES OF COMMON WHEAT. 

Jour. Agr. Research 24: 457-470, illus. 

(3) Akerman, A. 

1922. IAKTTAGELSER RORANDE HOSTSADENS OVERVINTRING VINTERN 
1921-1922. Sveriges Utsadesfor. Tidskr. 32: 252-266, ilius. 
(Abstract in Internatl. Rev. Sci. and Pract. Agr. [Rome] (n. s.) 
1: 350-353. 1923.) 

(4) Arny, A. C., and Hayes, H. K. 

1925. RECOMMENDED VARIETIES OF FARM CROPS FOR MINNESOTA. Minn. 

Agr. Expt. Sta. Bui. 226, 31 p., illus. 

(5) Caporn, A. St. C. 

1918. AN ACCOUNT OF AN EXPERIMENT TO DETERMINE THE HEREDITY OF 
EARLY AND LATE RIPENING IN AN OAT CROSS. Jour. Genetics 7: 

247-257, illus. 

(6 ) Clark, J. A., Martin, J. H., and Ball, C. R. 

1922. CLASSIFICATION OF AMERICAN WHEAT VARIETIES. U. S. Dept. Agr. 

Bul. 1074, 238 p., illus. 

(7) - Martin, J. H., and Parker, J. H. 

1926. COMPARATIVE HARDINESS OF WINTER-WHEAT VARIETIES. U. S. 

Dept. Agr. Circ. 378, 20 p. 

(8) Cooper, H. P. 

1923. THE INHERITANCE OF THE SPRING AND WINTER GROWING HABIT IN 

CROSSES BETWEEN TYPICAL SPRING AND TYPICAL WINTER WHEATS, 
AND THE RESPONSE OF WHEAT PLANTS TO ARTIFICIAL LIGHT. 

Jour. Amer. Soc. Agron. 15: 15-25. 

(9) Pruwirth, C. 

1914. ALLGEMEINE ZtfCHTUNGSLEHRE DER LANDWIRTSCHAFTLICHEN KUL- 

turpflanzen. Aufl. 4, ganzlick umgearb., 442 p., illus. Berlin. 
(His Handbuch der landwirtschaftlichen Pflanzenzuehtung, Bd. 

( 10 ) - 

1918. DIE UMZUCHTUNG YON WINTERGETREIDE IN SOMMERGETREIDE. 

Ztschr. Fflanzenzucht. 6: 1-46. 

(11) Gaines, E. P. 

1917. INHERITANCE IN WHEAT, BARLEY, AND OAT HYBRIDS. Wash. Agr. 

Expt. Sta. Bul. 135, 61 p., illus. 

(12) -and Singleton, H. P. 

1926. GENETICS OF MARQUIS X TURKEY WHEAT IN RESPECT TO BUNT 
RESISTANCE, WINTER HABIT, AND AWNLESSNESS. Jour. Agr. 

Research 32: 165-181, ilius. 

(13) Hayes, H. K., and Garber, R. J. 

1919. BREEDING SMALL GRAINS IN MINNESOTA. PART I. TECHNIC AND 

results with wheat and oats. Minn. Agr. Expt. Sta ? Bul, 
182: 5-44, illus. 



236 


Journal of Agricultural Research 


Vol 35, No. 3 


(14) Iviller, J. 

1919. UBER DIE UMZUCHTUNG REINER LINIEN YON WINTER WEIZEN IN 
sommerweizen. Jour. Landw. 67: 59-62. 

(15) Linne, C. von. 

1753. species plantarum. 2 v. Holmiae. 

(16) Nilsson-Ehle, H. 

1912. ZUR KENNTNIS DER ERBLICHKEITSVERHALTNISSE DEE EIGENSCHAFT 

winterfestigkeit beim weizen. Ztschr. Pflanzenzucht. 1: 
3—12 

(17) Schafer, E. G. 

1923. inheritance studies. Wash. Agr. Expt. Sta. Bui. 180, 31 p. 

(18) Spillman, W. J. 

1909. APPLICATION OF SOME OF THE PRINCIPLES OF HEREDITY TO PLANT 

* breeding. U. S. Dept. Agr., Bur. Plant Indus. Bui. 165, 74 

p., illus. 

(19) Takahashi, N. 

1925. STUDIES on the inheritance of the spring and winter growing 
habit in crosses between spring and winter barleys. 
[Chosen Govt. Gen.] Agr. Expt. Sta. Bui. 2: 1-7, illus. 

(20 ) Vavilov, N. I., and Kouznetsov, E. S. 

1921. ON THE GENETIC NATURE OF WINTER AND SPRING VARIETIES OF 
plants. Izv. Agron. Fakult. Saratovsk. Univ. (Bui. Agron. 
Facult. Saratov. Univ.) 1, 25 p., illus. [In Russian. English 
summary, p. 23-25.] 

(21) Villars, [D.] 

1787. histoire des plantes de dauphin^, t. 2, illus. Grenoble, 
Lyon [etc.]. 

(22) Waldron, L. R. 

1912. VALUE OF CONTINUOUS SELECTION AND ITS BEARING UPON HARDI¬ 
NESS in winter wheat. Amer. Breeders’ Assoc. Ann. Rpt. 
7: 74-79. 



THE DEFERRED SHORT-TIME TEST AS A MEASURE 
OF THE PERFORMANCE OF DAIRY COWS 1 

By W. L. Gaines 

Department of Dairy Husbandry, University of Illinois 


INTRODUCTION 


In the official testing of dairy cows for production two types of test 
are commonly distinguished—the short-time test and the long-time 
test. The most common short-time test is for 7 days; the most 
common long-time test covers 12 months, or of late years, 10 months. 
At the present time the Holstein breeders are the only ones who make 
use of the short-time test. They have used it continuously and 
extensively under the present form of official supervision for the 
, past 33 years (since 18SJ4). 

The long-continued and extensive use of the seven-day test may 
be taken as prima facie evidence that it possesses some merit. It has, 
nevertheless, some well-known faults. In the case of the more 
recent seven-day Holstein records the fat percentage of the milk 
frequently is too high to represent the usual performance of the Hol¬ 
stein cow. This defect of the short-time test was pointed out several 
years ago by Eckles (4), 2 who based his conclusions on experimental 
and observational evidence. Eckles concluded that “ tests of dairy 
cows made for short intervals in the beginning of the lactation period 
can not be depended upon to indicate the normal per cent of fat 
produced by the cows tested.” 

Another charge often made against the short-time test is that the 
production record does not depend upon and does not measure 
persistency of lactation. Practically, it is the year’s performance of 
a cow that is of importance from the standpoint of economical milk 
production; obviously, two cows with equal seven-day records might 
and often do have widely different records for the year. The relation 
between the seven-day records and the year records of Holstein cows 
has been fully treated by Yapp (17) and. by Gowen and Gowen (11), 

The criticisms of the seven-day test mentioned above apply to the 
test as usually conducted at an early stage of lactation. It is the 
purpose of the_ present paper to examine the possibilities of the 
deferred short-time test as affording a representative record of the 
performance of the cow. 

Certain Holstein and Guernsey records are used in this examination. 
Guernsey breeders have never used the seven-day test (except for 
six records), but the yearly records of the breed were for many years 
published by calendar months and they are thus usable in connection 
with the present problem. It is proposed to examine these records 
with reference particularly to the evidence which they afford as to 
the possibility of eliminating the objectionable features of the short- 
tune test by deferring its application to a comparatively late stage 


! ^ or publication Apr. 22,1927; issued September, 1927. 

2 Keferenee is made by number {italic) to “ Literature cited,” p, 249. 
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of lactation. Naturally, statistical methods have to be employed. 
The numerical values used from the records are those of fat per¬ 
centage, milk yield, and, derived from these two, energy yield. 

Energy yield is a very direct and exact measure of the work per¬ 
formed by the cow (< 5 , 6, 9) and may be regarded as biologically the 
best measure of total production. It is estimated in terms of 4 per 
cent milk, designated as “fat-corrected milk” (F. C. M.), by the 
formula (9) F. C. M. = 0.4JI/+15F= -3/(0.44-0.15/) where M is milk 
yield, F is fat yield, using the same unit of weight throughout, 
and/ is fat percentage. One pound F. C. M. = l pound 4 per cent 
milk = 340 calories (2, IS, lJj). 

Energy yield is a measure of the amount of work performed and fat 
percentage is a measure of the direction in which the work is per¬ 
formed. For economic reasons it is sometimes advantageous to 
produce milk fat with a minimum production of other milk solids 
(milk with high fat percentage), or vice versa (milk with low fat 
percentage).^ Energy yield and. fat percentage are entirely inde¬ 
pendent variables and furnish the two most essential measures of 
performance. 3 

We may consider first the relation between the short-time test and 
persistency, approaching the relation through theoretical or gen¬ 
eralized considerations. 


LACTATION CURVE THEORY 

By lactation curve is meant the curve describing the rate of milk 
secretion (rate of energy yield in the present connection) throughout 
the lactation period, or the portion of that period under considera¬ 
tion. The short-time test may be regarded as determining a point 
in the lactation curve. For example, the production for seven days 
may be taken as a measure of the rate of production per week at the 
middle of that week, if it is assumed that the lactation curve is linear. 

The 1'near lactation curve may be expressed by the equation: 

of = 6 ~ rf ----(O 


where y is yield in pounds of F. C. M., t is time in months, b and c 
are constants. Curves of this type are presented in Figure 1, A. 
The total yield for 12 months seems to be accepted almost by 
common consent as a highly valuable measure of production in 
official test practice. Figure 1, A, is constructed to represent the 
12 months’ record. Obviously, from the way the figure is con¬ 
structed, the area under any one of the curves between the 0 and 12 
ordinates represents the year’s yield for that particular curve. It is 


3 The biological significance of fat percentage should be held clearly in mind. It is to be regarded as an 
expression of the ratio (X100) of the rate of fat secretion to the rate of milk secretion. Many investigators 
seem to have the point of view that fat yield is the result of milk yield and fat percentage. A more logical 
point of view seems to be that fat yield is the reuslt of the rate of fat secretion, and that milk yield is the 
result of the rate of milk secretion, while fat percentage is the result of the relative values of these two rates, 
ij at percentage has a wider significance as a measure of performance because of its close correlation with 
protein percentage and energy value per unit milk. 

The significance of energy yield is obvious. If we regard the cow as a machine, the rate of energy yield 
may he regarded as the horsepower delivered by the machine. A cow milking at the rate of 50 pounds 


power) is delivered by a cow milking 17 pounds F. G. M. per day, or 6,205 pounds F, C, M. per year, 
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also clear from mere inspection that a series of curves of different 
slopes but passing through a common point in the ordinate at tf = 6 
will each produce a figure of the same area. 

If the rate of yield per month at = 6 is determined, the area or 
year’s yield is likewise determined regardless of the slope of the curve 
(provided, of course, it does not cut the base line). Hence, as far as 
persistency of lactation is concerned, there is apparently a possi¬ 
bility that a six-months-after-calving short-time test may possess 
as much merit as the year test. 

That the areas under the three curves of Figure 1, A, are equal 
may be shown by the use of geometrical theorems—the equality of 



Pig. 1—Linear and exponential lactation curves 


A, linear lactation curves. The area from *=0 to *=12 (year’s yield) is completely independent 
of the rate of decrease in the rate of yield (persistency) at any fixed point (?) in the lactation curve 
and m the ordinate at t =6. That is, if the rate of yield at V is determined, the year’s yield is likewise 
determined. 

B, exponential lactation curves. The area from *=0 to t =12 (year’s yield) is practically independ¬ 
ent of the rate of decrease in the rate of yield (persistency) at any fixed point (*') in the lactation 
curve and m the ordinate at *=5.40. That is, if the rate of yield at t' is determined, the year’s 
yield is approximately determined. 

* Note.— The ordinates t 'm A and B are the same height, although the one in B appears taller. This 
appearance is an optical illusion associated with the slopes of the curves. The height, apparent or real, 
of the V ordinate is of no concern in the relationship which the figures illustrate. 


opposite angles, etc. A much more elegant and comprehensive 
method is by way of the differential calculus, which serves to dis¬ 
cover the ordinate in question as well as to demonstrate the property 
of equal areas under the curves. Integrating equation (1) we get: 
y — bt— 0.5c# 2 -!- 0. Since y —0 when t = 0, it is found by substitution 
that <7= 0 and hence, 

y — bt — 0.5d 2 . 

Let F= 12 months’ yield, = 12& —72c. 

Let f' = point in curve where Y is unaffected by variation in c. 

Let b' =rate of yield at t', — b — ct'. 
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Then, 

and 


b = b' + ct' 

F=12&' + 12cf'-72c 


( 2 ) 


It is necessary now to determine the value of t' at which a change 
in c produces no change in Y. Evidently this may be obtained by 
differentiating Y with respect to c in equation (2), setting the first 
derivative equal to zero, and solving for t', which gives 

4-= 12/'-72 = 0 
dc 

and 

6 . 


That is to say, a point in the curve of equation (1) at t — 6 fully 
determines the area under the curve between the ordinates 0 and 12, 
regardless of the value of c, or the slope of the curve. When the area 
is interpreted in terms of milk yield it is necessary to impose the 
limitation that 6 — 12c is not negative, since a negative rate of yield 
does not enter into the present problem. 

It appears probable that the lactation curve is better represented 
as somewhat curvilinear rather than linear. The exponential equa¬ 
tion introduced in connection with the lactation curve by Brody et 
al. (8), satisfies the requirements in this respect very well. In 
Figure 1, B, are presented lactation curves of the exponential type, 


dt 


= ae~ kt 


(3) 


in which y and t have the same meaning as before, a and k are the 
limiting constants of the particular lactation curve, and e is the base 
of natural logarithms. In equation (3), 1c is the factor that is affected 
by persistency and it is necessary to determine the point in the curve 
of the equation where the year’s yield is unaffected by variation in 
persistency, or k . This may be done by a method similar to that 
just followed. 

Integrating equation (3) gives ?/== er H + 0. Since ?/ = () when 
^ = 0, then and hence, 

2/ = | (1 — e~ w ). 


Let Y =12 months’yield, =|(1 — e" nk ). 

Let f =point in curve where Y is unaffected by variation in Tc. 
Let a' =rate of yield at /', 
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Then 

and 


a —a'e kt ' 


F= l 


(1 — e~ l2k ) 


- (4) 


Differentiating Y with respect to k in equation (4) and setting 
the first derivative equal to zero, gives 


dY 

dk" 


a' e kt ' 


12e 


- 12 * 


+ (l-e~ 12 *) 


ka't'e w —a'e kt ’ 

P 


and 



12 e -i2 * 


+ *' 



= 0. 


f 


1 12e~ 12 * 

k 1 — e~ n k 


The value of t' varies with k, so that there is no fixed value as in 
equation (1). One recourse is to take a mean value for k. For 
cows on official test it appears (3, 7, 10) that & =0.05 approximately. 
When k =0.05, t' =5.40. The indication is, therefore, that the short- 
time test should be deferred to about 5.4 months after the start of 
the year’s record in order to most accurately indicate the year’s record. 

It is evident to anyone familiar with the course of milk secretion 
with advance in lactation that such a deferred short-time production 
is subject to many disturbing factors. This is true also of the year’s 
yield. In the Guernsey records 4 the correlation between daily energy 
yield of the sixth full calendar month of the lactation and energy 
yield for#the year has been computed (7) and found to be r =0.928 ± 
0.002. There is little doubt that under similar environmental con¬ 
ditions a seven-day test conducted during the fifth month of the 
year-period would prove to be fully as highly correlated with the 
year’s record as indicated by the above coefficient. 

It seems, therefore, that the objection to the short-time test (as 
compared with the year test) namely, that it does not depend 5 
upon persistency of lactation, may be disposed of by deferring the 
test to the fifth month of the lactation. 

It has been assumed thus far that the year test is the ideal. But if 
we may judge from the practice of the milk producer, rather than 
the Advanced Register breeder, it is desirable to so manage the cow 
that she will bear a calf about every 12 months and have a diy period 
of about six weeks during each calving interval. There is other 
evidence ( 8 , 15) that such practice is consistent with the most eco¬ 
nomical production of milk. From Figure 2, it appears that in 
ordinary dairy practice a short-time test will afford the best index 
of production if it is conducted during the fourth month of lactation. 


4 All 365-day original entry records of volumes 33,34, ani No. 1 volume 35 of the Guernsey Herd Reg¬ 
ister (/) starting within 60 days after calving and in which conception did not recur within six months 
after calving. 

6 The year’s record depends in part upon persistency but the year’s yield of itself is a poor measure of per¬ 
sistency. The correlation between the year’s yield and persistency [k of equation (3)] is r=—0.226=1=0.016, 
That the actual persistency value may be estimated with greater accuracy from an early seven-day test 
than from the bare figure of the year's yield is shown by the correlation between the initial rate of yield 
and persistency [arand k of equation (3)) r=0.535=b0.012. 


62904—27-4 
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The conclusions derived from Figure 2 are based on a calving 
interval of 12 months. In commercial milk production practice 
the calving interval naturally varies; but, accepting 12 months as the 
best length of the interval, the fourth-month test is still justified, 
even though the calving interval is shorter or longer than a year. 
From a biological standpoint, what is needed is a measure of pro* 



Months after Calving 


Fig. 2.—Ordinary average lactation curve (diagramatie) 


The upper (lighter line) curve is the curve of equation (3) plotted for a value of fc=0.1, since it is found 
under common practice that the average rate of decrease in milk yield with advance in lactation is around 
9 to 10 per cent per month. The lower (heavier line) curve is to represent the realized lactation curve. 
For the most part, it is coincident with the curve of equation (3). Immediately following calving there is 
a deficiency in the rate of yield required by the equation which results in the area A. This is perhaps due 
to a residual inhibition from the preceding pregnancy. In the late pregnancy following there is again an 
appreciable deficiency in the rate of yield which results in the area B. This is probably due to an inhibi¬ 
tion associated with the current pregnancy. Finally, starting at the ordinate 10, the cow is dried up in 
preparation for the next lactation. A yield represented by the area G is produced during this stage. 

If it is assumed that A+B=C the lactation yield will be in accordance with equation (3) from <=0 to 
<«10, As an approximation equation (3) may be used between these time limits in determining the point 
(O in the curve at which the area is independent of vaiiability in ft. By the method used above in the text 
. 1 10€“ 10fc 

it is found that F* For ft=0.1, V- 4.2. A short-time record at this stage of lactation should of 


itself afford a valuable measure of production. The ratio of the lactation yield (that is, 10 months by 

-~(l-r 10 *} 

the equation) to the rate of yield per month at t- 4,2, is given by JL_. Where fc=0.1 this ratio*9.02. 

The corresponding ratio to the rate of yield per week is 41.8. The ratio is only slightly affected by ordinary 
differences in ft. 


ductive capacity which is physiologically sound, even though it 
may be faulty from a cost-accounting standpoint. The cost accoun¬ 
tant is interested in the average production per unit time over the 
calving interval. But the calving interval is dependent upon the 
recurrence of conception, which is independent of productive level 
(8). Reproductive capacity-is a very important matter, but it is 
a separate problem from lactation capacity. The fourth-month 
test, therefore, holds its merit as a biological measure of the milk 
productive capacity of the cow. 6 


* It is quite possible that an early short-time test may be a better biological measure of lactation capacity 
than the deferred short-time test, or year test itself, if environmental conditions which influence the lacta¬ 
tion curve are unfavorable or irregular. The ideal biological measure would seem to be one describing the 
initial value and slope of the lactation curve under standard environmental conditions. 



Aug. i, 1927 Deferred Short-time Production oj Dairy Cows 


243 


As far as energy yield is concerned it seems from the theoretical 
and practical solutions given, that the deferred short-time test has 
much merit. # Let us now. examine the case with respect to fat per¬ 
centage. Evidence here is available from both the Guernsey and 
Holstein published advanced registry records. 


FAT PERCENTAGE OF GUERNSEY RECORDS 

Both fat and milk yields of farrow Guernsey cow~s follow the curve of 
equation (3), although not as closely as does energy yield (10). The 
stage of the record at which the fat percentage at the time is the same as 
the fat percentage for the year may be computed theoretically from the 
fat and milk lactation curves, as follows. Let a x e~~ u represent the rate 
of fat yield and a 2 e~ ht the rate of milk yield. Then the time (t) at which 
the fat percentage of a short-time test should be the same as the fat 
percentage for the year test is given by the value of t in the equation, 


or 


100(M- W 

a 2 e~ ht 



e (k 2 ~Jc l)«_ 


Tc 2 (l-e- m ') 

h(l~e- m >)' 


If the group values found (10) for Tc L and k 2} namely, ii — 0.034202 
and £ 2 = 0.052347, are taken, it is found that £ = 5.48. This value is 
practically identical with the point of closest correlation between the 
short-time yield and the year’s yield. Hence, it appears that as far 
as the customary year record is concerned a deferred short-time test 
conducted during the fifth month should be directly representative 
of the fat percentage. 

On the basis of the actual records (above noted) the relation 
between the several monthly fat percentages and the yearly fat per¬ 
centage may be examined. The records are considered in two groups 
according as the test was conducted under the one-day or two-day 
monthly supervision plan. Records from tests conducted partly 
under one and partly under the other plan are not used. The statis¬ 
tical constants derived from the records are given in Table 1, and 
these constants are graphically shown in Figure 3. 

It may be noted that the mean fat percentage curve of Figure 3 
shows a tendency to a convex upward form, whereas the fat percent¬ 
age curve derived from the exponential lactation curves for fat and 
milk as given in Figure 1, B, is very slightly convex downward. 
This discrepancy is probably associated with the season of calving 
(16, jig. 8). 

The chief item of interest is the correlation between the one-day or 
two-day fat percentage and the yearly fat percentage. The change 
in the coefficient of correlation with advancing lactation is fairly 
regular in the case of the two-day test (fig. 3), and if the curve is 
smoothed it is found that the highest correlation is reached, at about 
five months after calving. The correlation indicated at this time is 
about 0.83. This indicates that a five-months 7 deferred test should 
give a fairly accurate value of the year’s fat percentage. 
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FAT PERCENTAGE OF HOLSTEIN RECORDS 

As previously stated, it is known that many seven-day records are 
misrepresentative of the usual performance of the cow, particularly 
with respect to the fat percentage. If the seven-day records from 
tests conducted at successively later stages of lactation are considered, 
it may be possible to find a stage where the records seem to be more 
representative. The question of a standard by which to judge the 
representativeness of the record arises. One possibility is to take 
as a standard the seven-day records made early in the history of 
advanced registry testing, before the practice of specially fitting 
the cow for the seven-day test had come into operation. 



The fat percentage and milk yield constants of certain early 
records (1894-1898) are given in Table 2. Table 2 gives also similar 
constants for certain later seven-day records (1919-1921) classified 
according to the stage of lactation. The mean fat percentage of the 
early records is13.280 while that of the recent records is 3.485, including 
records started 6 to 99 days after calving. Records started at 6 to 
9 days after calving have a mean of 3.756. The mean fat percentage 
continues to decrease up to 60 days after calving. Taking the early 
S aS xf 1 * nc *? x . normalcy, the fat percentage at this stage 
(60 days after calving) is quite normal. There is naturally some 
increase in fat percentage with advance in lactation (16). 





Table 1. —Statistical constants of monthly and yearly fat percentages for Guernsey records 
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Table 2.— Seven-day Holstein-Friesian records classified according to time after calving at which started 
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Another way in which the records may be judged is in connection 
with the relation between fat percentage and milk yield. It may be 
assumed that energy yield should be constant at various fat per¬ 
centages if conditions are normal. The milk yield curve is accordingly 
y=A/(2M + f), where f is fat percentage and A is a constant taken 
as the average energy yield (in units of 51 calories) for the entire 
group. That is, A-=^nM 0 (2.66 + /)/2 n, where M 0 is the observed 
milk yield at the given fat percentage, f, and n is the frequency. 

In Figure 4, chart A, this curve is given for the early age-corrected 
records, A having the value 2.47. 

The fat percentage frequency distribution of these early records is 
also given in chart A. The smooth frequency curve is merely a free¬ 
hand sketch. 

Similar graphic presentation for the other seven-day records of 
Table 2 is given in Figure 4, charts B to K. The milk yields in these 
charts are not corrected for age and the values of A may be had 
from the respective values given in the last column of Table 2, by 
multiplying by 6.66. The smooth frequency curve is repeated from 
chart A as a basis of comparison. 

By studying the charts of Figure 4, one may form an idea as to 
when and to what extent the seven-day records conducted at various 
stages of lactation approach representative values. The comparison 
is of course a rough one. Certain yearly records 7 are given in chart 
L as of interest. 

Judging by the data of Table 2 and Figure 4 it would seem that 
deferring the seven-day test to 60 days or more after calving would 
eliminate the exceptional conditions and misrepresentative features 
of the seven-day test as conducted a few days after calving. 

SUMMARY 

Two objections have been raised to the record of the seven-day 
test conducted shortly after calving; (1) that the fat percentage 
obtained is not representative, and (2) that the record is not depend¬ 
ent on persistency of lactation. Data from the Guernsey and Hol¬ 
stein advanced registry are examined with respect to the possibility 
of eliminating these objections by deferring the test to a later stage 
of lactation. It appears that the objection on the score of the fat 
percentage may be overcome by deferring the test to 60 days or more 
after calving. The objection on the score of persistency may be 
overcome by deferring the test to the fifth month of lactation. To 
best represent the practically useful lactation capacity of the cow (in 
distinction to the maximum record of advanced-registry practice) 
the short-time test should be conducted during the fourth month of 
lactation. 


7 All long-time records, including reentries, from vols. 24-30, Holstein-Friesian Advanced Register (1912- 
1919) (IS). 
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Fio, 4.—Frequencies (columns) and mean milk yields (circles) at various fat percentages for Holstein 

record 

Chart A represents the seven-day records of the first 277 cows admitted (1894-1898) to the advanced 
register under the present system of official supervision. Charts B to K represent seven-day records classi¬ 
fied according to the time after calving at which the record was started. Chart L represents yearly records. 
The free-hand frequency curve of chart A is repeated in charts B to L. The milk yields m chart A have 
been corrected for age, increasing the average yield to 122.43 per cent of the figure given in Table 2, The 
milk yields in charts B to L have not been corrected for age. 

Observations at the following fat percentage classes are not shown in the charts indicated; 


Classes. 5.75 5.95 6.05 6.25 0.35 0,45 6.65 0.95 

Charts. B, G B, C B, D B, C B, 0 B, C B, C B, C 
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PROTECTION AFFORDED THE SKIN AGAINST SUNBURN 
BY TEXTILE FIBERS 1 

A B y Katherine Hess, Research Worker , Clothing and Textiles; J. O. Hamilton, 

Head , Department of Physics; and Margaret Justin, Dean , Division of Home 

EconomicSj Kansas State Agricultural College 

INTRODUCTION 

Recent interest in the effect of ultra-violet rays on the human 
organism suggested a study to determine the protection from sun¬ 
burn afforded the skin by textile fibers. No records could be found 
of any work of this nature having been done under controlled 
conditions. 

Some experiments were performed by Hess 2 to determine the 
ability of certain fabrics, suitable for infants’ clothing, to transmit 
ultra-violet rays. A carbon arc lamp was used as the source of 
radiation and rats were employed as subjects. The results were 
determined wholly by the biological effect of the rays on the animal 
organism. The application of the above research, however, to this 
problem of protection against sunburn is not direct. 

Since work has been done on the ability of rayon, the artificial 
textile fiber, to transmit ultra-violet rays, it was not included in this 
work. 

THE PROBLEM 

The object of this investigation was to determine the relative 
ability of the textile fibers wool, silk, linen, and cotton, to screen 
out ultra-violet rays from direct sunlight and from artificial light 
sources. It was necessary to work with the fibers in the form of 
fabrics. 

METHOD OF PROCEDURE 

In choosing the materials with which to experiment an effort was 
made to obtain fabrics woven of wool, silk, linen, and cotton, of the 
same weight and containing the same number of threads per inch, 
in which case the spaces between the threads would have been the 
same* This was impossible and could be done only by having the 
fabrics woven according to definite requirements. 

The problem was arranged so as to determine the ratio of the time 
required to sunburn the skin through certain fabrics to the time 
required to produce a sunburn of equal intensity upon the unpro¬ 
tected skin under the same controlled conditions. This ratio was 
accepted as the coefficient of protection of the fabric. The differ¬ 
ence in protection by the fabrics not due to difference in construction 
was accepted as the coefficient of protection of the fiber in the fabric. 

The lightest weight wool fabric, plain weave, was chosen and this 
was matched as nearly as possible with respect to weight and number 


i Received for publication May 21, 1927; issued September, 1927. Contribution No. 5 from the Depart¬ 
ment of Home Economics, Kansas Agricultural Experiment Station. 

* Hess, A. E., and Weinstock, M. a study of light waves in their relation to rickets. Jour. 
Amer. Med. Assoc. 80: 689. 1923. 
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of picks and ends per inch, with similar fabrics of silk, linen, and 
cotton. The problem of the absorption due to color was avoided by 
choosing only white materials. Plain weave, which contained rec¬ 
tangular spaces between the threads and thus permitted the measure¬ 
ment of these threads, was used. 

A complete textile analysis of fabrics used in the initial work was 
made. The data secured in these analyses are reported in Tables 
1, 2, 3, and 4. Table 1 includes the commercial names and descrip¬ 
tions of fabrics; Table 2 analyses of the yarns used in their construc¬ 
tion; and Table 3 gives detailed facts concerning the fibers used in 
yarns. Column three in Table 4 shows the per cent of interspace 
or the ratio of the total area of the fabric to the interspace included. 


Table 1 . —Description of fabrics used in experiment 


Name of fabric 

Fiber 

Width 

in 

Price 

per 

Weave Color 

Weight 
(4 by 4 
inch 
piece) 

Breaking 

strength 

Finish 



inches 

yard 


Warp ! Filling 

Nun’s veiling.._ 

Wool... 

: 44 

$1.95 

1 . 

! Plain... White.. 

Grams 

1.000 

Pounds Pounds 
18 i 9 

Bleached soft. 

Pongee.. 

Wild 

[ 36 

2.25 

...do_|.._do_ 

.586 

25 

21 

Bleached, slightly 

Handkerchief... 

silk. J 
! Linen. . 

36 

1.65 

...do— j— .do_ 

.534 

12 

8 

gummed. 
Bleached, soft. 

Muslin__ .. 

! Cotton. 

36 

.17 

...do_j.-.do_ 

.816 

32 

16 

Starched,bleached. 


Table 2 . —Description of yarn in fabrics used in experiment 


Fabric 

Yarn, 

Number per 
inch 

Width in inches 

Breaking 

strength 

Twist per inch 

Ply, warp 
filling 



' 

Warp 1 Filling 

Warp 

Filing 

Warp 

Filling 

Warp 

Filling 

Wool. 

54 

70 

65 

0.01040 

0.00950 

Ounces 

8 

Ounces 

6 

11 

6 

Single. 

Silk. 

16/18 

73 

72 

.00797 

.01007 

10 

9 

4 

0 

Do. 

Linen. 

28 

94 

72 

.00587 

.00562 

10 

9 

16 

25 

Do. 

Cotton. 

40 

78 

72 

.00521 ! 

1 .00625 

16 

9 

19 

13 

Do. 


Table 3. — Length , tensile strength , stretch , and quality of fibers in yarn 


Fabric 

j Number of 
fibers in yarn 

Length of fibers 

Tensile strength 
of fibers 

i 

; Stretch of 

Quality of 


Warp 

Filling 

Warp filling 

Warp 

Filling 

Warp 

Filling 

fibers 

Wool. 

Silk.. 

Linen. 

Cotton. 

40 

25 

30 

34 

25 

25 

25 

45 

i 

0.5 to 3 inches. 

Length of piece. 

0.5 to 3 inches.. 

0,5 to 2 inches. 

Grams 

11.61 

5.85 
6.45 
5,59 

Grams 
5.59 
5.52 
6.46 
4.30 

Cm . 

25 

13 

15 

13 

Cm. 
13.0 S 
12.6 ' 
13.0 ! 
10.0 | 

Very good. 

Good. 

Medium. 

Do. 


It was decided to test the effect of exposure to direct sunlight and 
to the lamp on the same subjects. So far as the quality of burns 
produced was concerned no difference could be detected between the 
burn produced in direct sunlight and by the ultra-violet lamp. 
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Table 4 . —Comparison of space covered by the threads with the space between the 
threads in fabrics studied in experiment 


Fabric 

* 

Space cover- i 
ed by thread | 
(square i 
inches) 

Interspace 
(square 
i inches) 

Ratio of the 
total area of 
the fabric to 
the interspace 
included 

Wool........ ... . 

0.89820 
.9192 
.81820 
.81140 

! 

0.10180 
.0827 
. 18180 
.18860 

9.80 
32.08 
5 50 
5.30 

Silk... 

Linen........ 

Cotton..... 



It seemed especially desirable to devise a physical test that could 
be used as a means of indicating approximately the necessary time 
of exposure, thereby eliminating the necessity of so many preliminary 
exposures. With this in view it was suggested that possibly the 
ability of these materials to transmit visible light which could be 
tested by photometry, could be used in a measure as a test of their 
ability to transmit ultra-violet rays, since these rays are shorter 
than the rays in the visible part of the spectrum. Furthermore, 
since the interspace between threads is usually many times greater 
than the wave length of ultra-violet rays, it might follow, provided 
the thread transmitted no light, that the ratio of the area covered 
by the threads to the area of the interspace would be a measure of 
the protection afforded. 

Tests made on photographic paper of the printing-out type indi¬ 
cated that the paper used was sensitive only to the ultra-violet rays, 
and that the ratio of the time required to produce a given tone on 
the paper when shielded by the fabric in question to the time required 
to produce the same color under the unscreened light might indicate 
the ratio sought. 

Since measurements were to be made by means of comparing the 
color tone of the effect of light on sensitized paper and on the skin, 
it was very important that the operator be able to accurately match 
color. Tests were made by exposing one-half inch of the printing- 
out paper to the light for a few seconds, one-half inch more for an 
additional equivalent length of time, and so on, until two whole 
sheets of paper had been exposed, the first strip being thereby 
exposed for the full time, and the time for each succeeding strip 
being decreased by an equal number of seconds. This gave a gradua¬ 
tion in tone from white to very dark brown. The strips were num¬ 
bered on the back and the sheets were cut in strips, 20 in all. Since 
the operator was able to arrange these strips in order according to tone, 
her ability to match color within at least a 5 per cent error was estab¬ 
lished. All light-exposed paper was fixed without toning in hypo 
solution at 22° C., and rinsed in running water. 

EXPERIMENTAL WORK 

A number of persons were tested to determine their sensitiveness 
to sunburn, both in direct sunlight and under the lamp. The. arm 
of the subject was covered with a brown woolen sleeve from which a 
small piece about 1-inch square had been cut. Tests were made 
with a 5-minute exposure to direct sunshine, during the month of 
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June, with no perceptible results. The time of exposure was in¬ 
creased until a good bum was obtained. In all the work done the 
time of exposure was regulated so that blistering the skin was pre¬ 
vented and the bums made were of intensity sufficient to result 
only in a deep reddening, or erythema, which was followed by peeling 
and a subsequent tanning. Four of the subjects tested burned with 
a 30-minute exposure; one required a 45-minute exposure to produce 
a burn of the same intensity; and one subject was found who showed 
no evidence of burning even after an exposure of one hour. This 
person was of medium-light complexion and perspired freely. Con¬ 
trary to the opinion commonly held, it was not found that the fairest 
skin always burned in the shortest time. 

It was found that approximately only one-tenth as much time was 
required to obtain a bum under the quartz mercury lamp with the 
skin 1 foot from the lamp and a voltage over the terminals of 70 to 
80, as was required to produce a burn of the same intensity in direct 
sunlight, between the hours of 11 and 3 on a bright day, during the 
months of June, July, and August. An air-cooled quartz mercury 
arc lamp was used, and tests were made only after voltage became 
constant. 

The screening effect of the fabrics to visible light was obtained by 
means of the photometer; and the intensity of the light transmitted 
by the fabric was checked with the candlepower of the unscreened 
light. The fabric was interposed directly in front of one of the 
openings in the photometer screen, being fastened to it by means of 
elastic bands. In this manner the following ratios were obtained: 


Fabric Protective ratio 

Wool_____7. 07 to 1 

Silk_____7.11 to 1 

linen......4. 39 to 1 

Cotton......5. 86 to 1 


These figures show that the wool and silk fabric transmitted only 
one-seventh, the linen a little less than one-fourth, and the cotton 
more than one-fifth of the incident visible light. 

The percentage of interspace in the fabric or the ratio of the space 
between the threads to the space covered by the threads was deter¬ 
mined by means of a micrometer microscope. By this method only an 
approximate determination could be made. Ends of fibers protruding, 
into the interspace tend to cut down the space, but the amount of 
this reduction could not be measured; untwisted yams permit pas¬ 
sage of light through them; and the uneven line produced by the 
twisted thread influences the area of the interspaces. Assuming 
that the light passed through the interspaces and only through the 
interspaces, the ratios of protection offered by these fabrics would be: 


Fabric - Protective ratio 

Wool___ 9. 8 to 1 

Silk.......12. Otol 

Linen....... 5. 5 to 1 

Cotton___ 5. 3 to 1 


From the above it is plain that about one-fifth of the light might 
pass through the interspace in the case of the cotton and linen 
fabrics, whereas with wool and silk the quantity was somewhat less. 
These tests show that the number of pices and ends per inch can not 
be taken as a measure of closeness of weave unless the size of the 

CSee Table 2.) 
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As previously stated, the screening effect of these fabrics to ultra¬ 
violet light was determined by means of a printing-out paper. The 
color obtained by 15 seconds 7 exposure of the paper to the rays of 
the lamp was decided upon as the best color to match. With a 
15-second period as a basis therefore, the fabrics were tested to 
determine the ratio of the time required to obtain the same color 
tone when the paper was screened with the fabric in question. Ex¬ 
posures were made 1 foot from the lamp with a relatively constant 
voltage of 70 to 80. 

For this work it was found necessary to keep either the paper or 
the fabric moving slightly in order to secure a uniform color tone. 

The first four fabrics tested as shown in Table 5 gave the following 
results: 


Fabric Protective ratio 

Wool____ 8. 5 to 1 

Silk_ 13. 0 to 1 

Linen_ 3. 0 to 1 

Cotton. ___ 4. 0 to 1 


That is, it took 8.5 times as long, or 2 minutes and 7 seconds, to 
obtain the same effect on the paper used when screened by the wool 
fabric as was obtained in 15 seconds’ exposure of the unprotected 
paper. 

Table 5.— Coefficient of 'protection of textile fabrics 


Coefficient determined by— 


Fabric 

Photom- 
eter 1 

Measure¬ 
ment of 
interspace 

! 

Action of 
ultra-violet 
rays on 
sensitized 
paper 

Action of 
sunlight on 
skin 

Wool...... 

7.07 

9.80 

8.50 

20,00 

Silk. 

7.11 

12.00 

13,00 

20.00 

Linen...... 

4.39 

6.60 ; 

3.00 

3.00 

Cotton...... 

5.86 

| 5.30 

i 

4.00 

4.00 



The above ratios were used as a basis for time of exposure of the 
skin to direct sunlight when protected by the different fabrics. 
By using the ratio obtained by the action of ultra-violet light on sensi¬ 
tized paper good bums of an intensity equal to the control were se¬ 
cured through cotton and linen. 

Several unsuccessful attempts were made to secure bums through 
the silk and wool fabrics in direct sunlight. No bums were obtained 
of sufficient intensity to show discoloration for more than 48 hours, 
although the ratio of 6 to 1 used required 4 hours- and 15 minutes 
exposure. A 45-minute exposure was necessary to secure a positive 
bum on the unprotected skin of the subject. 

An unscreened control of correct time for the individual subject 
was run parallel with every fabric test. This permitted the direct 
comparison of results and eliminated errors which might be due to 
uncontrollable conditions, such as the quantity of ultra-violet rays 
in the source of light at the particular time of exposure, and the 
individual’s resistance to the effect of these actinic rays. The 
subject upon whom the largest number of the tests was made varied 
in her sensitiveness to sunburn. Twice during the 18 months through 
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which the experiments were continued, this subject showed no signs 
of sunburn under double the normal time of exposure, and the same 
controlled conditions of distance and voltage. 

The fabrics were next tested under the lamp, on the same subjects, 
as illustrated in Figure 1. It was found that the ratios used in direct 
sunlight tests gave the same results under the lamp with the time of 
exposure reduced to one-tenth. Thus it required an exposure of 134 
hours to direct sunlight to secure the same intensity of burn through 



Fig. 1.—Method used in testing fabrics under the lamp 


linen as was obtained in 9 minutes under the lamp. A bum that 
required 2 hours’ exposure in direct sunlight was produced in 12 
minutes by the rays of the lamp. 

In tests of the silk fabric the ratio was increased to 13 to 1, the same 
ratio obtained by screening printing-out paper from the rays of the 
lamp, without perceivable results. It was found that a ratio of 20 to 
1 was required to obtain a burn through this fabric. 

. TJ 1 ® same method was used in testing the wool fabric, as illustrated 
m Figure 2, until by experiment it was found that it also required a 
ratio of 20 to 1. 

SCREENING TESTS 

Screening tests were made of these fabrics by the use of the spectro¬ 
graph and the quartz mercury arc lamp. The fabric was fastened to 
a screen and interposed directly in front of the collimator, the prism 
having been set for minimum deviation. Under 5 seconds’ exposure 
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for control and the ratios obtained by means of the lamp and the 
printing-out paper for time of exposure through the different fabrics, 
the ratio of 3 to 1 for linen was found to be sufficient to give a spec¬ 
trograph (through the fabric) of as great a density as the unscreened 
control. The ratio of 4 to 1 was only slightly low for cotton. These 
ratios had proved correct for ratio of time of exposure to produce a 



Fig. 2.—Two bums obtained with lamp; control (above), and through wool fabric (below). Ratio 

20 to 1 


burn on the skin both in direct sunlight and under the quartz mercury 
arc lamp. 

The spectrographs of these four fabrics showed that none of the 
fabrics absorbed any of the rays of the spectrum, the range of which 
was between the limits of 500 and 250 microns. The fabric caused ^ 
scattering of the rays through defraction, which was very decided in 
cases of long-time exposure. Tests of a printing-out paper made by 
means of the spectrograph proved that it is only slightly sensitive to 
62904—27-5 
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the shorter visible light rays and extremely sensitive to the ultra¬ 
violet rays, line 313 being the most distinct. This line is among the 
ones most effective in antirachitic qualities as proved by the work of 
Hausser and Vahle and shown in their chart on “Skin sensibility to 
ultra-violet rays.” 3 

OTHER FABRICS TESTED 

Many other cotton fabrics of different weights were tested, and in 
each case the ratio of protection secured by screening printing-out 
paper from the rays of the lamp proved the correct ratio for time of 
exposure to produce burns on the skin both in direct sunlight and 
under the lamp. This was also true of all linen fabrics tested. In 
all cases this ratio was smaller than the ratio of the interspace between 
the threads to the space covered by the threads. 

Two of the wool fabrics included in the test required a ratio of 
20 to 1 for time of exposure to produce a burn, as shown in Table 6, 
while the third piece of wool, which was very much lighter, required 
a ratio of only 10 to 1; this, it will be noticed, is slightly more than 
double the ratio obtained by ultra-violet light and the sensitized 
paper. 

Table 6 . —Coefficient of protection of additional textile fabrics 


Coefficient determined by— 


Fabric 

Photometer 

Measure¬ 
ment of 
interspace 

Action of 
ultra-violet 
rays on 
sensitized 
paper 

Action of 
sunlight 
on skin 

True silk....... 

3.606 

13.60 

4.00 

5.00 

Do.. 

3.844 

19.10 

6.00 

12.00 

Wild silk..... 

4.850 

14.59 

8.50 

10.00 

Do. 

4.270 

10.27 

7.50 

9.00 

Wool... 

4.863 

11.90 

8.50 

20.00 

Do. 

4.940 

10.40 

9.00 

20.00 

Do. 

3,920 
5,280 

11.64 

5.00 

10.00 

Cotton. 

3.00 

3.00 

Linen______ 

3,360 

4.04 

2 33 j 

2. 33 



The silk fabrics, of which four more were listed, two of wild silk 
and two of cultivated silk, gave varied results as a group. The 
individual fabrics gave the same results on repeated exposure, but 
no definite group results were obtained with silk as with the other 
fibers. In no case was the ratio of time of exposure necessary to 
secure a bum of the skin through silk less than the ratio of protection 
obtained by means of the lamp and the printing-out paper used. 

Athough they varied widely the ratios indicated roughly the time 
of exposure to be employed when subject was under test. The 
ratio of time of exposure obtained by means of lamp and sensitized 
paper proved correct for time of exposure for all linen and cotton 
fabrics tested, while in the case of silk and wool fabrics the ratio 
obtained by this method was in every case less than the ratio required 
to secure a good bum. 

3 Hausser, K. W ., and Vahle, W. die abhangigkeit des lichterythems und der pigmentpildung 
mi* SCHWINGUNGW^ C 7 ELI,ENI,ANGE) DEft ERREQENDM STHaHIVNG, Strafclentherape 33: 
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Tests proved that the skin burned in a shorter time of exposure to 
ultra-violet rays when the blood had been brought to the surface by 
application of heat. Such comparisons were obtained by exposing 
controls while the arm was still cool and comparing them with con¬ 
trols exposed after the arm had become warm from heat rays or from 
the application of heat to the arm. 

CONCLUSIONS 

The data submitted from a number of tests tend to prove that the 
protection from sunburn afforded the skin by fabrics depends pri¬ 
marily upon the per cent of interspace due to weave but that the 
vegetable fibers, cotton and linen, transmit some of the rays that 
burn and tan, thus offering a small coefficient of protection, whereas 
the animal fibers, silk and wool, absorb a larger portion of these rays, 
thus offering a higher coefficient of protection. 

Due to the fact that temperature is a factor in the burning of the 
skin the greater conductivity of cotton and linen, as compared with 
that of silk and wool, might in a measure account for the higher 
prospective value of silk and wool. 





SOME NITROGENOUS CONSTITUENTS OF CORN POLLEN 1 


By Caul G. Vinson 

Division of Agricultural Biochemistry, University of Minnesota 


HISTORICAL 

The first work recorded on the chemical analysis of pollen was by 
Fourcroy and Vauquelin (I), 2 who studied the ash and organic con¬ 
stituents of pollen of the date palm, Phoenix dadylijera. They found 
that this pollen contained a substance analogous to gluten, and 
a large amount of malic acid- Link (9, p. 145) reported much tannin 
and gluten in the pollen of the hazel tree. Vauquelin (9, p. 237) 
found sugar, resin, and tannin in stamens of the horse chestnut. 
Braconnot (6) reported the presence of potassium malate and a little 
nitrogenous material In the pollen of Typha latifolia . 

Planta (35) found sucrose, starch, and 4.81 per cent nitrogen in the 
pollen of Corylus avellana. An extract of this pollen with 10 per cent 
NaCl solution gave a coagulum on heating, and peptones were also 
present. In the pollen of Pinus sylvestris , Planta (36) found 2.65 per 
cent nitrogen. Peptones, guanine, and hypoxanthine were present. An 
extract of the pollen with 10 per cent NaCl solution did not, however, 
give a coagulum on heating. Schulze and Planta (39) found a nitrog¬ 
enous substance in the pollen of Corylus and pine. This substance 
yielded guanine and glucose, hence was called guanosin. Przybytek 
and Famintzin (37) found 2.4 per cent nitrogen in the pollen of 
Pinus sylvestris , and Kresling (25) reported tartaric and malic acid in 
the same kind of pollen. 

Stift (41 ), working on pollen of the sugar beet, found the total 
nitrogen to be 3.6 per cent, protein nitrogen 2.66 per cent, and lecithin 
1.57 percent. Stoklasa ( 42 ) reported 5.16 percent lecithin in pollen 
of the horse chestnut, and 5.86 per cent in that of the apple. Kam- 
mann (21) found that nitrogen containing organic substances made up 
58 per cent of the total organic material of rye pollen, and of this 40 
per cent was protein in nature and 18 per cent nonprotein. Winter- 
stein and Hiestand (50) found in the pollen of Alnus viridis and Pinus 
montana a phosphatide which contained lecithin in combination with 
a complex carbohydrate. 

Koessler ( 24 ) found the following nitrogen distribution in ragweed 
pollen: 

Per cent 


Total nitrogen_ 4. 73 

Nitrogen soluble in 5 per cent NaCl solution_ 1. 89 

Nitrogen soluble in 5 per cent NaCl solution and coagulable_ . 10 

Nitrogen soluble in 5 per cent NaCl solution and noncoagu- 

lable_ 1. 66 

Nitrogen soluble in 75 per cent alcohol after 5 per cent NaCl 

extraction_ 1. 57 

Nitrogen in the insoluble residue_ 1. 35 


1 Received for publication Mar. 14, 1927 ; issued September, 1927. Published with the approval of the 
director as Paper No. 675, Journal Series, Minnesota Agricultural Experiment Station, Condensed from 
a thesis presented by C. G. Vinson to the Graduate School of the University of Minnesota in partial fulfill¬ 
ment of the requirements for the degree of doctor of philosophy, Ross Aiken Gortner, major adviser. 

2 Reference is made by number (italic) to “ Literature cited,” p. 275. 
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Heyl has done the most extensive work on the chemical analysis of 
pollen. He found (13) that the exine was removed largely by extract¬ 
ing with ether and then alcohol; but that this did not remove the 
intine which is largely cellulose. Extracting with ether in a Soxhlet 
apparatus removed 13.26 per cent of the solids, and alcohol following 
the ether extraction removed an additional 20.9 per cent; but hot 95 
per cent alcohol alone extracted 42.9 per cent of the solids. The 
pollen contained 4.99 per cent nitrogen, of which 1.08 per cent was 
alcohol soluble, 2.6 per cent was soluble in 10 per cent NaCl solution, 
and 0.8 to 1.1 per cent was extracted by 0.2 per cent alkali after 
extracting with 10 per cent NaCl. The residue from the various 
extractions contained 1.2 per cent nitrogen. In other papers Heyl 
(16,17) reports the nonnitrogenous constituents extracted by alcohol 
and ether. Kagweed pollen ( 14 ), which had been exhausted with 
ether and 95 per cent alcohol and then extracted with distilled water, 
gave 1.22 per cent albumin, coagulating at 65° C., and 1.1 per cent 
proteose. After extracting with distilled water and then with 10 per 
cent NaCl, dilute alkali extracted a protein which amounted to 2.9 
per cent of the original material. This protein was precipitated on 
acidification, and was the chief protein present. The percentage of 
certain amino acids in these proteins has been reported by Heyl and 
Hopkins (18). Heyl (15) found that the coloring substances of rag¬ 
weed pollen belong to the flavonols and are entirely glucosidic. 
Quercetin glucoside having the composition of C 2 iH 2 oOi 2 was found. 
A glucoside of isorhamnetin was also obtained. 

Corn pollen, however, has not received so much attention as rag¬ 
weed pollen. Miyake (28) found phytosterol and inosite in corn 
pollen. Miyake (29) later identified adenine and choline. Ander¬ 
son and Kulp (3), working on corn pollen, found 4.3 per cent nitrogen 
in the air-dry pollen. Phytosterol palmitate was identified. Inosite 
was found to be present to the extent of 0.83 per cent, choline 0.34 
per cent, and 1-proline to the extent of 0.6 per cent. 

Anderson (2) found a saturated hydrocarbon, probably nonakosane, 
attached to the phytosterol palmitate from corn pollen. The phytos¬ 
terol preparations differed, however, from ordinary phytosterol. 

MATERIAL 

Since no particular attempt had been made to identify the nitrog¬ 
enous constituents of com pollen, it was decided to concentrate on 
the nitrogenous fraction. About 4 kgm. of air-dry pollen, collected 
in 1917 and 1918, were available. The pollen was quite clean, as it 
had been screened through bolting-cloth, thus freeing.it from anther 
sacs, filaments, etc. The air-dry pollen had a nitrogen content of 
3.6 per cent and a moisture content of 3.97 per cent, as determined 
by bringing a sample to constant weight at room temperature in 
vacuo over H 2 S0 4 , as did Anderson and Kulp (3). Corn belongs to 
the anemophilous class of pollinated plants, and agrees with the 
findings of Lidforss (26) in that the nitrogen content of its pollen 
is relatively low as compared with pollen of entomophilous flowers. 

According to Heyl (14), the walls (exine and intine) of the pollen 
grain constitute 65 per cent of the structure. The exine is relatively 
thick and resistant to mechanical disintegration. Planta (35) found 
that grinding pollen between grooved steel plates had no effect on 
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the grains. Winterstein and Hiestand (50) state that it is difficult 
to extract the entire grains, so part was crushed in a mortar and 
part ground in a mill. Anderson and Kulp (.3) found that long 
grinding in a mortar, even after the pollen had been extracted with 
ether and alcohol, produces only a small percentage of broken cells. 
Realizing that a better extraction could probably be obtained with 
the pollen grains pulverized, the writer placed 313 gm. of the air-diy 
pollen in a ball mill of 4,000 c. c. capacity, and at the end of 24 
hours grinding not an entire pollen grain could be found when a 
sample was examined under the microscope. After the ball mill had 
proved so efficient in pulverizing the grains, practically all the pollen 
was put through it. 


PRELIMINARY EXPERIMENTS 

Ten grams each of the milled and unmilled pollen were extracted 
with two 75 c. c. portions of ether in a Soxhlet apparatus, allowing 
12 hours to each extraction. This was followed by extraction with 
two 150 c. c. portions of absolute alcohol in a 300 c. c. Florence flask, 
allowing 12 hours to each extraction. From the milled sample 
3.0200 gm. of dry matter containing 0.0300 gm. of nitrogen were 
extracted, and from the unmilled 3.0250 gm. containing 0.0330 gm. 
of nitrogen, indicating that the unground pollen was as readily 
extracted by ether and alcohol as was the ground material. 

Again 10 gm. each of fresh milled and unmilled pollen were ex¬ 
tracted 14 hours in the cold with 150 c. c. of 5 per cent K 2 S0 4 solu¬ 
tion. The filtered extracts were made up to volume and total 
nitrogen determined on aliquots. The extract from the unmilled 
pollen contained 0.1455 gm. of nitrogen and that from the milled 
sample contained 0.1765 gm. of nitrogen, showing that the nitrogen 
was more readily extracted from the milled than the unmilled pollen. 
Approximately 50 per cent of the nitrogen was extracted from the 
milled pollen by the K 2 S0 4 solution. 

The residue of the unmilled pollen from the above extraction with 
5 per cent K 2 S0 4 solution was extracted 15 hours at room tempera¬ 
ture with 150 c. c. of 5 per cent H 2 S0 4 . After filtering and making 
the filtrate up to volume, it was found to contain 0.0525 gm. of 
nitrogen. The residue from this extraction was then treated with 
150 c. c. of 0.2 per cent NaOH, but after mixing, the reaction was 
neutral to litmus. Accordingly, sufficient additional dilute NaOH 
solution was added to give an alkaline reaction to litmus. After 
extracting for 15 hours the material was filtered by suction, washed, 
and the filtrate made up to volume. The total nitrogen in this 
extract was found to be 0.0512 gm. Thus the total nitrogen suc¬ 
cessively extracted from a sample of unmilled pollen by 5 per cent 
K 2 S0 4 , 5 per cent H 2 S0 4 , and then dilute alkali was 0.1455+0.0525 + 
0.0512 =0.2492 gm. This is 2.49 per cent of the original air-dry 
pollen; hence the total nitrogen not extractable with aqueous solu- 
tions=3.60—2.49 = 1.11 per cent. Heyl (IS) found 1.2 per cent 
nitrogen in the residue of ragweed pollen from similar extractions. 

The residue from each of the above samples which had been ex¬ 
tracted with ether and boiling absolute alcohol was extracted in the 
cold with 150 c. c. of 5 per cent K 2 S0 4 solution for 14 hours. On 
filtering and making the filtrates up to volume, that from the milled 



264 


Journal of Agricultural Research 


Vol. 35, No. 3 


sample was found to contain only 0.036 gm. of nitrogen and that 
from the umnilled sample 0,046 gm. Apparently the ether and boil¬ 
ing alcohol made the remaining nitrogen less soluble, and the more 
intimate contact of the ether and alcohol with the ground pollen 
rendered a greater amount of the remaining nitrogen insoluble than 
in the case of the unground pollen. This precluded the possibility 
of extracting the pollen with ether and boiling alcohol before extract¬ 
ing the nitrogenous fractions with aqueous solutions. Heyl (14)> 
however, found that in the case of ragweed pollen exhaustion with 
ether and alcohol at ordinary temperatures did not render the 
remaining nitrogen less soluble. 

Ten gm. of milled pollen were extracted 24 hours with 150 c. e. 
of distilled water, the pollen residue centrifuged off, and the super¬ 
natant liquid then filtered. The pollen residue was then treated 
with 75 c. c. of distilled water, centrifuged, and the washings filtered. 
The filtrates were combined, made up to volume, and found to con¬ 
tain 0.129 gm. of nitrogen. The 5 per cent K 2 S0 4 extraction there¬ 
fore removed 0.1765 — 0.1290=0.0475 gm. more of nitrogen than 
the distilled water alone. Therefore, to determine if a globulin was 
present, one 10-gram sample of milled pollen was extracted 14 hours 
with 100 c. c. of distilled water and another 10-gram sample of the 
milled pollen was extracted for a like period with 5 per cent K 2 S0 4 . 
The extracts were centrifuged and then filtered. Each was gradu¬ 
ally heated. An opalescence began to form at 75° C. and a slight 
coagulum appeared at 80°. On heating each to boiling under a 
reflux for an hour, then filtering, 0.0346 gm. of coagulum was ob¬ 
tained from the aqueous extract and 0.0556 from the 5 per cent 
K 2 S0 4 extract. Five gm. of K 2 S0 4 were then added to the aqueous 
extract and the solution again heated to boiling under a reflux for 
one hour. Another coagulum weighing 0.0294 gm. was obtained, 
making a total of 0.063 gm. of coagulum from the distilled water 
extract, which coagulum contained 0.0056 gm. of nitrogen, while 
that from the 5 per cent K 2 S0 4 extract contained 0.0053 gm. of 
nitrogen. The distilled water had, therefore, removed as much of 
the heat-eoagulable nitrogenous material as the 5 per cent I£ 2 S0 4 , 
and, therefore, the presence of a globulin was improbable, since the 
salt content of the pollen would hardly give a high enough concen¬ 
tration to hold globulins in solution. Heyl (14) found, however, 
that salt extraction removed more of the heat coagulable fraction 
from ragweed pollen than extraction with distilled water. 

ENZYMES 

On warm days when the hand came in contact with the pollen 
the small amount of perspiration on the fingers seemed to cause the 
pollen to partially autolyze and form a waxy paste. If this was a 
case of autolysis, then enzymes must have been present. Kam- 
mann (22) found proteose in rye pollen. Paton (32) working on 
the pollen of Easter lily, red maple, Norway maple, Siberian crab 
apple, Austrian pine, magnolia, dandelion, goldenrod, ragweed, and 
corn, fo\nx& erepsin, pepsin, and trypsin in some. Trypsin and 
pepsm (33) were found in corn pollen. Hence it was quite necessary 
to determine whether proteolytic enzymes were present before 
attempting to isolate the nitrogenous fractions. In order to try to 
determine the presence of active enzymes, ten 5-gram samples of 
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the milled pollen were placed in 10 separate 250 c. c. Erlenmeyer 
flasks, and the flasks were then plugged with cotton and allowed to 
stand in an incubator at 35° C. overnight. The next morning 100 
c. c. of distilled water, which had attained the same temperature by 
standing in the incubator overnight, were added to each of the lb 
flasks, rotating the flasks to secure thorough wetting of the pollen, 
and 2 c. c. of toluene were added. The flasks were then agitated 
at half-hour intervals, except at night. The water was added at 
7.30 a. m. The first flask was removed at 8 a. m.; the second at 
10 a. m.; the third at 12.30 p. m.; the fourth at 3 p. m.; the fifth 
at 7 p. m.; the sixth at 8 a. m. the second day; the seventh at 4 
p. m. the second day; the eighth at 8 a. m. the third day; the ninth 
at 8 a. m. the fourth day; and the tenth at 8 a. m. the fifth day. 
On being removed from the incubator each sample was made up to 
150 c. c., 50 c. c. of which were used for the SnCl 2 precipitation 3 
and another 50 c. c. for the copper precipitation. 3 After precipitat¬ 
ing the proteins in the two latter fractions with SnCl 2 and copper 
reagents, respectively, each was made up to 100 c. c.., centrifuged, 
filtered, and total nitrogen determined on 25 c. c. samples and 
amino nitrogen determined on 2 c. c. samples. The 50 c. c. remain¬ 
ing, after taking the samples for SnCl 2 and copper precipitation, 
were filtered, and total nitrogen w T as determined on 25 c. c. samples 
and reducing sugars on 5 c. c. samples. Table 1 shows the data 
which were obtained. 

Table 1 .—Autolysis of com pollen {5-gram samples) 


Sample No. 

Total 
nitrogen 
in the 
entire 
aqueous 
extract 

Total 
nitrogen 
not pre¬ 
cipitated 
by 

SnCI 2 

Total 
amino 
nitrogen 
not pre¬ 
cipitated 
by 

SnCl 2 

Total 
nitrogen 
not pie- 
eipitated 
by 

copper 

Total 
amino 
nitrogen 
not pre¬ 
cipitated 
by 

copper 

' 

! 

Total ; 
reducing 
sugars 


Grai7is 

Grams 

Grams 

Grams 

Gra ms 

Milli¬ 

grams 

I.. 

0.055 

0.025 

0.002 5 

0.020 

0.008 

48.76 1 

2_ 

.056 

.032 

.006 

.025 

.006 

05.76 | 

3. 

.056 

.036 

.003 

.036 

.002 

72.75 ) 

4........ 

.059 

.027 

.000 ! 

.031 

.000 

77.51 

5... 

.066 

.027 

.002 ! 

.039 

.002 

77.83 ! 

6 . 

.064 

.034 

.005 

.039 

.001 

80.05 

7. 

.063 

.025 

.005 

.043 

.006 

82.50 

8. 

.062 

.037 

.006 

.044 

.004 

85.77 

9. 

.071 

.033 

.016 

.039 

,010 

88,31 

10_. 

.075 

; 

.030 

.016 

.043 

.016 

91.17 ! 


The precipitation with copper as recommended by Olsen 4 was 
much less satisfactory than with the SnCl 2 reagent, owing to the 
fact that the end point with phenolphthalein was obscured by the 
color of the solution. The same^ difficulty was also experienced in 
using bromcresol purple as an indicator in the SnCl 2 precipitation. 

The small amount of amino nitrogen present renders these determi¬ 
nations subject to great error, and perhaps of little value. It is 
evident, however, that the total nitrogen in the filtrates from the 
two precipitations did not increase to any appreciable extent after 


a Olsen, A. G. a study of the proteases of bread yeast, saccharomyces cerevisiae. {Unpub¬ 
lished master’s thesis. Copy on file, Div. Agr. Biochem., Univ. Minn, St. Paul.] Part of the data in 
this thesis has been published (St). 

* Olsen, A. G. Op. cit. 
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the first two hours. The total reducing sugars, however, show a 
steady increase, as might be expected from the reports of Van 1 leg- 
hem 0£o), Erlenmeyer (10) ^ and Green (12), working on the pollens 
of other species; hence earbohydrases were present and active. 

From the above data it was evident that extractions of the pollen 
could be made with aqueous solutions without danger of alteration 
of the nitrogenous fractions by proteolytic enzymes. 

PRELIMINARY SURVEY 

For preliminary survey work, 500 gm. of the milled pollen were 
extracted 20 hours with 3,000 c. c. of distilled water. Fifteen 
hundred cubic centimeters of the water were first added, but after 
agitation and standing 15 minutes the entire mass set to quite a 
stiff gel. Davison (unpublished data) later found a very active 
pectase in this sample of pollen, which may explain the gel formation. 
Lloyd (27) lias shown that the pollen tubes may show^ great variation 
in the amount of water which they will absorb. This may be asso¬ 
ciated with a gel formation. 

The aqueous extraction was carried out by keeping the material, 
which was in a 5-liter bottle, on a shaking machine for eight hours. 
The remainder of the time the bottle was shaken at intervals. At 
the end of 20 hours the material was passed through a supercentrifuge. 
The filtrate was then filtered through paper pulp in order to clarify 
it. The solution was then carefully concentrated in vacuo, keeping 
the temperature below 50° C. This solution was acid to Congo red 
in reaction, and on attempting to coagulate the heat-coagulable pro¬ 
teins by boiling, only a slight turbidity developed. On testing for 
albumin by the method of Sorensen ( 40 , p. 28) the turbidity increased 
only slightly. This indicated the presence of very little albumin in 
the com pollen. Heyl (14), however, found 1.22 per cent of albumin 
in the aqueous extract of ragweed pollen. 

The pollen residue from the above aqueous extraction was ex¬ 
tracted with 2,000 c. c. of 0.2 per cent NaOH solution for 24 hours, 
being kept on a shaking machine for eight hours. This material was 
likewise put through the supercentrifuge, as it was impossible to 
filter by gravity or suction. The ordinary centrifuge could not be 
used, as much of the fine material could not be thrown down with 
this type of centrifuge. The filtrate was dark in color and quite 
viscous. It was filtered, and a gelatinous precipitate filtered off. 
The reaction of the filtrate to litmus was neutral; so evidently not 
enough alkali had been used to keep the material in solution. The 

f elatinous precipitate was extracted with 3,000 c. c. of a 0.4 per cent 
faOH solution, and on filtering only a negligible residue remained. 
The filtrate was very dark in color and on being made acid to litmus, 
but alkaline to Congo red, by carefully adding 5 N.H 2 S0 4 a gray- 
colored flocculent precipitate settled out, leaving a clear amber-colored 
supernatant liquid. 

The gray precipitate was extracted 24 hours at room temperature 
with 1,000 c. c. of 5 per cent K 2 S0 4 solution, remaining on the shaking 
machine eight hours. The solution was filtered, and the filtrate 
plus the washings concentrated and made up to 1,000 c. c. It was 
found to contain about 0.100 gm. of nitrogen. If this latter extract 
represented globulin, certainly there was very little present in the 
pollen worked with. Heyl (14) found an albumin in ragweed pollen, 



2,500 gm. of pollen extracted with dilate alkali 
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One kilogram of the ground pollen was placed in a 5-liter bottle 
and 3,000 c. c. of distilled water added. In using 0.2 per cent NaOH 
solution on the preliminary sample, the resulting solution was neutral 
to litmus; consequently, in this case, 15 per cent NaOH solution was 
added until the mixture gave an alkaline reaction to litmus, 200 c. c. 
of the alkali solution being required. The pollen was extracted 24 
hours, being kept on a shaking machine for 10 hours. A like 
extraction was made of another kilogram sample, and this plus the 
500 gm. used in the preliminary work made kgm, extracted. 
At the end of each extraction the material was passed through a 
supercentrifuge, and then the filtrates were combined. The filtrate 
from the above extractions was alkaline to litmus, but not to phenol- 
phthalein. The pollen residue when suspended in 3,000 c. c. of dis¬ 
tilled water again gave a neutral reaction to litmus. This suspen¬ 
sion was made alkaline to litmus with NaOH solution, and allowed 
to stand 14 hours with shaking at intervals. At the end of the ex¬ 
traction the material was centrifuged as before. 

Upon adding the second extract to the first the combined extracts 
gave an alkaline reaction to phenolphthalein. By carefully adding 
5N.H 2 S0 4 the reaction was carried to that point where all material 
was yet in solution but precipitation would take place with only a 
slight amount of acid. The solution was then concentrated in vacuo 
at a very low temperature. The solution (No. 11) was made up 
to 8,000 c. c. and the following data obtained from its analysis: 


Grams 

Total nitrogen.. 51. 412 

Ammonia nitrogen_ . 440 

Amide nitrogen. 1. 840 

Amino nitrogen_ 8. 444 

Organic solids__816, 64 


After aliquoting, 5N.H 2 S0 4 was slowly added to the remainder of 
the concentrated extract until it was just acid to Congo red, when a 
gray-colored precipitate formed. This precipitate was light, and 
tended to come to the top of the liquid. By adding ether and 
rapidly stirring the liquid it was found that the precipitate would 
form a uniform layer at the top from which it could be siphoned off 
into ordinary centrifuge tubes and a further separation obtained by 
centrifuging in the ordinary type of centrifuge. 

After separating the glutelin precipitate in this fashion it was ex¬ 
tracted with 2 liters of ether, to remove fat-soluble materials. The 
precipitate was then dissolved in 6 liters of slightly alkaline water, 
and reprecipitated by acidifying with acetic acid. The dry precipi¬ 
tate weighed 248.1 gm., contained 22.461 gm. of nitrogen and 19.97 
gm. of ash. 

The combined filtrates from the glutelin precipitation were con¬ 
centrated in vacuo and extracted with % liters of ether. The aque¬ 
ous solution was then concentrated, made up to volume (solution 12), 
aliquoted, and the following data obtained on analysis: 

Per cent of 
Grams solution 11 

Total nitrogen_ 25. 790 52. 68 

Ammonia nitrogen_ . 320 72. 82 

Amide nitrogen__ . 733. 39] 18 

Amino nitrogen_ 7, 372 83* 71 

Organic solids______ 716. 400 87.’ 73 
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As one would expect, the greater amount of the amino nitrogen 
came down in the filtrate from the glutelin, and by difference 
the greater amount of the amide nitrogen remained in the glutelin 
fraction. 

The remainder of solution 12 was hydrolyzed 24 hours with 20 per 
cent H 2 S0 4 . The humin from this hydrolysis weighed 49.22 gm, 
and contained 1,942 gm. of nitrogen. Sulphate was exactly removed 
with Ba(OH) 2 . After precipitation was complete the solution con¬ 
taining the BaS0 4 was heated and kept almost at the boiling point for 
about two hours, then allowed to cool slowly. In this way the 
BaS0 4 precipitated in relatively coarse particles, and the solution 
then filtered fairly readily and a relatively small amount of nitrogen 
was lost by adsorption. The BaS0 4 weighed, when dry, 3,712 gm. 
and contained 0.989 gm. of nitrogen, which is a low figure for nitrogen 
in such a large amount of precipitate. 

The filtrate and washings from the BaS0 4 precipitate were con¬ 
centrated, made up to volume (solution 13), aliquoted, and on analy¬ 
sis, gave the following: 


Grams 

Total nitrogen_ 25. 270 

Ammonia nitrogen_ 1. 477 

Amino nitrogen_ 10. 351 

Organic solids_ 602. 190 


PRECIPITATION WITH NEUBERG AND KERB’S REAGENT 

The remainder of solution 13 was concentrated, placed in a large 
precipitating jar, and precipitation with Neuberg and Kerb’s (SO) 
reagent carried out. Solutions containing 600 gm. of mercuric 
acetate and 215 gm. of Na 2 C0 3 were added until the volume reached 
6 liters and no end point was indicated. It was then considered 
advisable to add an equal volume of alcohol, remove the precipitate, 
acidify and concentrate the filtrate, and repeat the Neuberg precipita¬ 
tion at greater concentration, as this reagent is supposed to act best 
when the amino acid concentration is 10 to 20 per cent. In the second 
precipitation 195 gm. of mercuric acetate and 60 gm. of Na 2 C0 3 
were added, and still no orange-red precipitate was obtained on adding 
either of the two reagents. The failure to observe the characteristic 
coloi*ed precipitate at the end point may have been due to the color 
of the solution obscuring it, as in the first precipitation an orange-red 
precipitate collected on the stirring rod, and the last precipitate had 
a yellow-red layer on top. The last precipitate was very small. 
Both precipitations were carried out in the cold, the precipitating jar 
being surrounded by running \vater which was at a temperature of 
10° C. In each case after adding the Neub.erg reagent an equal 
volume of alcohol was added and the mixture then allowed to stand 
overnight. The two precipitates were combined and washed with 
1,000 c. c. of 80 per pent alcohol. On acidifying the filtrate from 
the first precipitate with acetic acid, a floeculent precipitate formed 
which was filtered off and was found to be crystalline. It weighed 
36.453 gm. and had a distinctly bright, metallic luster. It contained 
neither nitrogen nor sulphur. This substance is reserved for further 
investigation. 

The filtrate from the last Neuberg precipitate was acidified, con¬ 
centrated, and mercury was then removed as HgS. The filtrate and 
washings from the HgS were concentrated and NaCl removed 
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with concentrated HC1 and alcohol. The filtrate from the NaCl 
was concentrated and made up to volume (solution 15), aliquoted, 
and the following figures obtained on analysis: 

Total nitrogen_ H- 12? 

Ammonia nitrogen- • 669 

Amino nitrogen_ 2. 164 

Organic solids_ 266. 325 

PRECIPITATION OF BASES FROM THE NEUBERG FILTRATE 

Bases were precipitated from the remainder of solution 15 by adding 
5 per cent by weight of HC1 and then adding a 20 per cent solution of 
phosphotungstic acid in 5 per cent HC1 until precipitation was com¬ 
plete. After standing in the cold overnight, the precipitate was 
filtered off, and washed with a 2.5 per cent solution of phosphotungstic 
acid in 5 per cent HC1. Phosphotungstic acid was then removed 
from the basic precipitate with amyl alcohol and ether according to 
the method of Van Slyke U4) and Jacobs (j 20). The precipitate was 
suspended in water in a large Erlenmeyer flask, acidified with con¬ 
centrated HC1, a mixture of equal parts of amyl alcohol and ether was 
added, and the flask agitated. It was necessary to filter twice before 
obtaining a good boundaiy between the two liquids the first time. 
Three extractions with the amyl alcohol-ether mixture were suffi¬ 
cient to remove all phosphotungstic acid from the aqueous solution 
so that no precipitate was obtained on adding a drop of a saturated 
solution of Ba(OH) 2 . A small amount of the precipitate failed to 
go into solution. This was ground up with baryta and water and 
yet failed to go into solution. The alkaline extract thus obtained 
was very dark in color, and on being acidified gave a precipitate of 
colored material. It contained a total of 0.082 gm. of nitrogen. 
It is believed the insoluble part was largely humin. 

BASES OF THE NEUBERG FILTRATE 

The basic fraction as precipitated from the Neuberg filtrate 
(solution 24) with phosphotungstic acid contained 3.587 gm. of 
nitrogen, 0.2989 gm. of which was animo nitrogen, showing that' only 
about 14 per cent of the amino nitrogen of the Neuberg filtrate was 
basic nitrogen, Schulze's (38) method was accordingly used to 
separate choline from other plant bases. Mercuric chloride in boil¬ 
ing aqueous solution was added to the remaining portion of solution 
24 until no further precipitate w^as obtained (?), and the mixture 
was allowed to stand overnight in the cold before filtering. The 
precipitate was extracted w r ith boiling water, the insoluble portion 
was filtered off, and the two filtrates were combined. Mercury was 
removed as HgS, and alcohol was added to the concentrated filtrate 
from the HgS. A precipitate weighing 8.849 gm. and containing 
0.2159 gm. of nitrogen formed at this point. This consisted of a 
mixture of ammonium and sodium chloride. The filtrate from the 
above precipitate was made up to volume and on analysis was found 
to contain 1.825 gm. of nitrogen. To an aliquot of this solution a 
5 per cent platinic chloride solution was added until precipitation 
was complete. The chloroplatinate obtained weighed 0.4538 gm. 
and contained 31.84 per cent platinum; hence it must have been 
choline chloroplatinate. 
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The insoluble mercury compound was suspended in water and 
decomposed with H 2 S. The filtrate from the HgS was taken down 
to dryness on a water bath. The residue was dissolved in a little hot 
absolute alcohol and again concentrated to dryness in vacuo. Very 
large needle-shaped crystals formed. The crystals were dissolved in 
absolute alcohol with warming and made up to 250 c. c. (solution 33). 
This solution contained 1.005 gms. of nitrogen. To 50 c. c. of this 
solution platinic chloride was added until precipitation was com¬ 
plete. A total of 2.222 gm. of chloroplatinate were obtained from 
this aliquot, thus giving a total chloroplatinate obtainable from the 
solution of 11.110 gm. This chloroplatinate was found to contain 
31.73 per cent of platinum; hence it must have been choline chloro¬ 
platinate as the theoretical platinum content for choline chloro¬ 
platinate is 31.68 per cent. From the betaine fraction, as precipitated 
from the Neuberg filtrate, a total of 13.379 gms, of choline chloro¬ 
platinate were thus obtainable, representing 0.608 gm. of nitrogen. 

THE NEUBERG PRECIPITATE 

The Neuberg precipitate was brought into suspension in water, 
acidified with acetic acid, and decomposed with H 2 S. The filtrate 
and washings from the HgS were concentrated and made up to volume 
(solution 14), aliquoted, and on analysis found to contain: 


Grams 

Total nitrogen___11.810 

Ammonia nitrogen_ 2. 058 

Amino nitrogen_ 3. 980 

Organic solids_ 95. 720 


Following the use of Neuberg’s reagent the ammonia nitrogen in¬ 
creased 84.63 per cent over that in solution 13, and the amino nitrogen 
decreased 40.64 per cent. In some similar work reported by Vickery 
and Vinson (4-8), following the use of Neuberg's reagent, the ammonia 
nitrogen increased 7.3 per cent and the amino nitrogen decreased 
15.53 per cent. It is entirely possible that the poor results in pre¬ 
cipitating amino nitrogen with Neuberg’s reagent were due to adding 
an excess of the reagent; for mercury is known to be a very effective 
catalyst, and an excess of the mercuric acetate may bring about a 
decrease in the amino nitrogen by catalyzing deamination and ring 
formation. 

BASIC FRACTION OF THE NEUBERG PRECIPITATE 

Bases were precipitated by phosphotungstic acid from the fraction 
precipitated by Neuberg’s reagent. The filtrate from the basic frac¬ 
tion, after the removal of phosphotungstic acid with Ba(OH) 2 and 
subsequent removal of the barium with H 2 S0 4 , was found to contain 
4.292 gm. of nitrogen, 2.811 gm. of which were amino nitrogen. On 
finding the ratio of amino to total nitrogen so low, the solution was 
again hydrolyzed for 10 hours with 10 per cent by weight of H 2 S0 4 . 
After removing the H 2 S0 4 quantitatively the solution was found to 
contain 4.292 gm. of nitrogen, 3.505 gm. of which were amino nitro¬ 
gen; thus, due to hydrolysis, the amino nitrogen was increased 24.7 
per cent. Bases were again precipitated, and the precipitate ob¬ 
tained added to the main phospho tungstate precipitate, which was 
then decomposed with Ba(OH) 2 . The filtrate from the barium phos- 
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photungstate precipitate, 
tain: 


after removal of barium was found to con- 

Grams 


Total nitrogen -. 3 , 274 

Ammonia nitrogen- • 291 

Amino nitrogen- 1- 133 

Organic solids- 20. 610 

The ammonia nitrogen in the above was probably a volatile amine, 
in part at least, for in titrating the distillate after ammonia determi¬ 
nations an amine odor could be detected. 

Separation of the bases was carried out as described by Vickery (46) 
adding Ag 2 S0 4 in boiling saturated aqueous solution until a brownish 
yellow precipitate was obtained, wdien a drop of the solution was 
added to a drop of saturated Ba(OH) 2 solution. The purine precipi¬ 
tate was decomposed with H 2 S, and the filtrate from the Ag 2 S, after 
removal of S0 4 , was found to contain 0.317 gm. of nitrogen. Picric 
acid, in saturated aqueous solution, was then added until precipita¬ 
tion was complete. The dry weight of the picrate thus obtained was 
0.984 gm., and its melting point was 278° C. (uncorrected). Picric acid 
was removed from the above picrate and the purine converted into 
the sulphate, as described by Vickery and Leavenworth (47). Crys¬ 
tals of the sulphate formed, but these were small. Picric acid was 
then added to the solution of the sulphate, and a picrate melting 
point 281° C. was obtained. This is the melting point of adenine 
picrate, and thus 0.199 gm. of nitrogen as adenine was accounted for. 


ARGENINE FRACTION 

The filtrate and washings from the purine precipitate were satu¬ 
rated with finely divided baryta. A buff-colored precipitate formed. 
The precipitate was decomposed with H 2 S, and H 2 S0 4 in the filtrate 
from the Ag 2 S was exactly removed. > The filtrate from the BaS0 4 
was found to contain 0.546 gm. of nitrogen. Arginine nitrogen in 
this fraction was determined by the method of Van Slyke (43), 
using the apparatus devised by Holm (19). This gave an arginine 
nitrogen content of 0.156 gm. 


LYSINE FRACTION 

Silver was removed as Ag 2 S from the filtrate and washings from the 
arginine fractions. Sulphate was then removed quantitatively with 
Ba(OH) 2 . The filtrate from the BaS0 4 was found to contain 2.245 
gm. of nitrogen. Lysine was precipitated from this solution by the 
method of Winterstein (49). The precipitate of the mercury salt 
thus obtained was centrifuged off and the filtrate found to contain 
only 0.202 gm. of nitrogen. The mercury salt was decomposed with 
H 2 S, after being suspended in dilute H 2 S0 4 . The sulphate ion was 
then removed quantitatively, and the filtrate from the BaS0 4 concen¬ 
trated to small volume, when small, yellow, rectangular crystals 
formed in abundance. Chlorides were then removed quantitatively 
with Ag 2 S0 4 , the excess silver removed as Ag 2 S, and H 2 S0 4 in the 
filtrate from the Ag 2 S exactly removed. The filtrate and washings 
from the BaSCh were found to contain 1.797 gm. of nitrogen. This 
was concentrated to small volume, brought to the sensitive point 
with absolute alcohol, and a saturated solution of picric acid in ab- 







Aug. 1,1927 Some Nitrogenous Constituents of Corn Pollen 


273 


solute alcohol was added until precipitation was complete. A total 
of 3,241 gm. of lysine picrate decomposing characteristically at 250° 
to 253° C. were obtained. This accounts for 0.254 gm. of nitrogen. 

NONBASIC FRACTION OF THE NEUBERG PRECIPITATE 


Phosphotungstic acid was removed from the filtrate of the bases 
from the Neuberg precipitate. The filtrate and washings from the 
barium phosphotungstate were concentrated and S0 4 removed 
quantitatively. The filtrate (solution 19) from the BaS0 4 on analysis 
was found to contain the following: 

Grams 


Total nitrogen_ 3. 209 

Ammonia nitrogen- 0. 042 

Amino nitrogen- 2. 491 

Organic solids- 27. 379 


The remainder of solution 19 was concentrated to small volume, 
when 0.069 gm. of ciystalline material separated. Under the micro¬ 
scope the crystals were found to be large needles which were not 
collected in sheaves, as in the case of tyrosine, and, furthermore, 
the crystals were lemon yellow in color, and, dissolved in alkaline 
solution, gave a light green solution. The melting point was 348.8° 
C. (corrected). The melting point approximates that of apigenin 
or myricetin (34) but the other physical properties do not correspond. 
Some of the material was fused with sodium, and the Prussian-blue 
test found to be negative as well as the test for reduced sulphur with 
sodium nitroprusside. The crystals were only slightly soluble in 
acid, but were soluble in alcohol. It is believed that this material is 
a flavone or flavonol. 

DIBASIC ACID FRACTION 


The filtrate from the 0.069 gm. of crystalline material was con¬ 
centrated to a sirup and dibasic acids removed by the method of 
Foreman (11), but varied according to the method of Kingston and 
Schiyver (23), precipitating the dibasic acids as the barium instead 
of the calcium salts. The dibasic acid fraction so precipitated, 
after removal of barium contained 2.311 gm. of nitrogen. Beta 
hydroxy glutamic acid (7, 8) was isolated from this fraction as the 
copper salt, precipitating it from aqueous solution with alcohol. 
On analyzing this salt the following data were obtained: 

Percentage cal¬ 
culated for 0 OH 
Percent glutamic acid 

Copper content found_ 27. 78 28. 3 

Total nitrogen found. 6. 50 6. 23 

Amino nitrogen found_ 6. 17 6. 23 

A total of 31.639 gm. of the copper salt were actually isolated. 
This contained 1.972 gm. of nitrogen, corresponding to a weight of 
22.96 gm. of the 0 hydroxy glutamic acid, which is 0.92 per cent of 
the original (2,500 gm.) pollen sample. 


MONOAMINO—MONOCARBOXYLIC ACID FRACTION 

Carbon dioxide was passed into the alcoholic filtrate from the 
precipitate of the barium salts of the dibasic acid fraction. This 
was carried out at 0°C., according to the directions of Kingston 
and Schryver (23). From the carbamino precipitate soluble in cold 
62904—27-8 
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water, 0.113 gm. of crystals in characteristic sheaves were obtained. 
The crystals gave Millon’s reaction and contained 7.64 per cent 
nitrogen. These crystals were, therefore, tyrosine, as the theo¬ 
retical nitrogen content of tyrosine is 7.74 per cent. 

DISCUSSION 

The heat-coagulable fraction of the aqueous extract from the 
pollen contained only about 10 per cent of nitrogen, whereas albumin 
is generally considered to contain about 16 per cent. Likewise, the 
glutelin fraction contained scarcely 10 per cent of nitrogen. Accord¬ 
ingly, these fractions are either highly contaminated with nonprotein 
material or else belong to the glycoproteins. 

It is evident that com pollen contains very little, if any, globulin. 
Extraction with salt solution failed to give any more heat-coagulable 
nitrogen-containing material than extraction with distilled water; 
and extraction of the glutelin fraction with salt solution gave only a 
negligible amount of nitrogen. 

The use of Neuberg’s reagent in precipitating amino nitrogen 
proved quite disappointing. This is the second experience in which 
this reagent has seemed to be instrumental in decreasing amino 
nitrogen, probably catalyzing ring formation. In clear solutions 
where the end point is easily observed, this reagent no doubt can be 
satisfactorily employed; but it is very evident that under some con¬ 
ditions it is not at all satisfactory. 

Since Kingston and Schryver have shown that the barium salt oi 
inactive aspartic acid is quite insoluble, it would seem more advisable 
to remove the dibasic acid fraction before precipitating the bases 
with phosphotungstic acid; for on making the filtrate from the bases 
alkaline to phenolphthalein with Ba(OH) 2 the inactive aspartic 
acid may be lost, thus accounting for some of the nitrogen in the 
barium phosphotungstate precipitate. Immediate removal of the 
dibasic acids after hydrolysis would seemingly be preferable, for 
with the strong acids and bases present, in concentrating to small 
volumes, some interaction is inevitable. This viewpoint is supported 
by the fact that on hydrolyzing the second time the amino nitrogen 
was increased 24.7 per cent, and another basic precipitate was 
obtained on adding phosphotungstic acid. With the early removal 
of the relatively strong dibasic acids the tendency for amino nitro¬ 
gen to decrease would surely not be so great, especially when using 
Neuberg’s reagent. 

The 0.069 gm. of crystalline material (p. 273) is believed to be a 
flavone or flavonol pigment. This conclusion is drawn from the 
following facts: It is lemon yellow in color; nitrogen and sulphur are 
absent; the melting point is high; it changes color in alkaline solution; 
and is soluble in alcohol, but quite insoluble in acid or neutral aqueous 
solutions. 

Beta hydroxy glutamic acid is the first dibasic amino acid ever 
reported as occurring in pollen of any kind. Planta states that 
asparagin could not be detected in the pollen of Corylus avellana. 
Schulze and Planta were unable to detect asparagin or glutamin in 
the pollen of Coiylus or pine. Heyl, working with ragweed pollen, 
was unable to get copper salts to separate from the amino fraction 
after removal of bases. The dibasic acid fraction gave a very high 
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yield of fi hydroxy glutamic acid as 85.33 per cent of the nitrogen of 
this fraction as accounted for in the copper salt actually isolated. 
Aspartic and glutamic acids were absent. 

SUMMARY 

A systematic study of the nitrogenous compounds contained in the 
alkali extract of corn pollen, and not precipitated on neutralization 
is reported. 

The pollen was effectively pulverized by grinding in a porcelain ball 
mill. 

The air-dry pollen contained 3.97 per cent of moisture and 3.6 
per cent of nitrogen. 

Successive extractions with distilled water, 5 per cent K 2 S0 4 , 
dilute H 2 S0 4 , then dilute alkali removed nitrogen to the extent of 
2.49 per cent of the pollen, leaving 1.11 per cent nonextractable by 
the above solvents. 

A substance behaving like a glutelin w T as isolated and was found 
to make up 9.9 per cent of the air-dry pollen. It contained 24.96 
per cent of the total nitrogen in the air-dry pollen. 

Proteolytic enzymes were not active, but active carbohydrases 
and a pectase were present. 

Twenty-five hundred grams of air-dry pollen were extracted with 
dilute alkali and the filtrate neutralized with dilute H 2 S0 4 , when a 
precipitate formed. This precipitate is termed the glutelin fraction. 
The filtrate from the glutelin fraction, after extraction with ether, 
was hydrolyzed and the following substances determined: 

а . 0.985 gm. of adenine picrate containing 0.199 gm. of nitrogen 
was isolated. 

б. Arginine nitrogen was determined by the method of Yan Slyke. 
This gave 0.156 gm. of nitrogen as arginine. 

c. 3.241 gm. of lysine picrate were isolated. 

d . 0.1129 gm. of tyrosine was obtained. 

e. 31.639 gm. of the copper salt of p hydroxy glutamic acid were 
isolated. Aspartic and glutamic acids were not present. 

/. 13.379 gm. of choline chloroplatinate were obtained, containing 
0.608 gm. of choline nitrogen. 

0.069 gm. of what is believed to be a flavone or flavonol was isolated. 

On acidifying the Neuberg filtrate with acetic acid 36.453 gm. 
of a crystalline substance with metallic luster were obtained. This 
substance contained neither nitrogen nor sulphur, and is believed to 
be the mercury salt of the above flavonol. The identification of this 
compound is reserved for a later report. 
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UTILIZATION OF THE GRAIN IN KAFIR AND CANE 
SILAGE BY DAIRY COWS 1 


By R. B. Becker, Associate Professor of Dairying , and Willis D. Gallup, 
Assistant Chemist , Oklahoma Agricultural Experiment Station 


INTRODUCTION 

Throughout the Southwest and along the southern border of the 
Corn Belt a large acreage of the sorghums is grown and used as 
silage in feeding dairy and beef cattle. During the course of a 
feeding experiment with dairy cows at the Oklahoma Experiment 
Station, it was observed that a considerable quantity of the grain 
in such silages is passed out into the manure apparently unused. 
Because of this loss many farmers practice heading these crops 
before ensiling them, grinding the heads separately, and feeding 
them in the concentrate portion of the ration. There is a question 
as to whether the loss of grain from the silage is sufficient to justify 
this practice being more widely recommended. 


HISTORICAL 


Cave and Fitch 2 found that as high as 90 per cent of the seeds in 
sorgo (sweet sorghum) silage pass through the cow undigested. 
The determinations were made by counting the number of seeds in 
aliquot samples of silage and of manure secured from, two' cows 
over a five-day period. As the result of this brief work these investi¬ 
gators raised the question as to whether it might not be advisable to 
remove the heads before ensiling this crop, and to'use the ground 
heads in the grain ration. 

In a feeding trial conducted by Aicher and McCampbell, 3 it was 
found that kafir and cane silages fed to steers in combination with 
tw T o pounds of cottonseed meal daily had comparative feeding values 
as follows: 

Without 

With heads heads 

Kafir silage_:_ 72. 40 45. 31 

Cane silage_ 69. 90 60. 60 

Thompson 45 found after four years of feeding trials with swine 
that w T hole kafir was utilized less efficiently than ground kafir, and 
that these had relative feeding values on a numerical basis as 
follows: 

Whole Ground 
kafir 'kafir 


Self-fed_ 

Hand-fed_ 

Soaked, whole_ 

In the head (dry) 


110 ’ 130 

100 111 
87 
86 


1 Received for publication Apr. 25,1927; issued September, 1927. 

2 Cave, H. W. f and Pitch, J. B. ground sorgo seed as a feed for dairy cows. Sans. Agr. Expt. 
Sta. Circ. 110, 8 p. 1925. 

3 Aicher, L. C., and McCampbell, C. W. fourteenth annual cattlemen’s round up. Kans. 
Agr. Expt. Sta., Fort Hays Branch Pamphlet, 6 p. 1926. 

* Thompson, C. P. swine feeding investigations. Oklahoma feeds and pow to prepare them, 
Okia. Agr. Expt. Sta. Bui. 148,15 p. 1923. 

- THE PREPARATION OF THE GRAIN SORGHUMS AND OTHER SMALL GRAINS FOR FATTENING SWINE. 

Amer. Soc. Anim. Prod. Proc. 1924: 37-39. 1925. 
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He concluded that the feeding value of cane seed and of the grain 
sorghums was increased 10 to 25 per cent by grinding, since when 
fed in ground form a larger proportion of the grain was prevented 
from passing through the digestive tract apparently unused. 

EXPERIMENTAL METHODS 

Eight dairy cows were divided into two groups, one receiving 
kafir silage and the other cane silage. The cows were fed individually, 
each animal being allowed 30 pounds of silage and 10 pounds of 
alfalfa hay per 1,000 pounds live weight. The grain ration of com 
meal, ground oats, wheat bran, and cottonseed meal was fed accord¬ 
ing to the milk and butt erf at yields to meet the calculated require¬ 
ments of the Morrison feeding standard. Refused feeds were re¬ 
weighed and recorded. 

A 20-day preliminary feeding period preceded the 10-day experi¬ 
mental period. Diming the latter period manure was collected from 
each cow daily. The cows remained in stanchions except when 
released for exercise, at which times an attendant was with them 
to collect all manure voided. 

The cane and kafir grains voided by the individual cows were 
mechanically separated daily from the entire quantity of manure, by 
the use of screens and water. These recovered grains were dried, 
screened, fanned, and hand picked to remove all foreign material. 
Samples of these air-dry kernels were preserved for chemical analysis. 

The grain from large quantities of cane and kafir silages was se¬ 
cured mechanically, by the use of sieves, water, and a fan to free the 
grain from all stalk and leaf material. 

The dry weights of 1,000 hull-free kernels from the silage and from 
the manure were taken to determine whether any losses in weights 
of individual kernels had occurred during their passage through the 
cow’s digestive tract. 

Chemical analyses were made of the dry hull-free samples of grain 
obtained from the silage and from the manure, to determine by com¬ 
parison what losses of nutrients had occurred in the kernels thus 
recovered from the manure. 

PRESENTATION OF DATA 

From 565 pounds of cane silage, 21 pounds of clean, air-dry grain 
were obtained. The air-dry grain constituted 3.72 per cent of the 
weight of fresh silage. Likewise, 611 pounds of fresh kafir silage 
contained 18.76 pounds of air-dry kafir grain, or 3.07 per cent of the 
weight of fresh kafir silage. 

The first group of four cows consumed a net total of 1,374 pounds 
of cane silage, while the second group of four cows ate 1,364 pounds 
of kafir silage. One cow in the latter group was off feed. Exclusive 
of this animal, 1,096 pounds of kafir silage were consumed by the 
group. The first group consumed 51.11 pounds of grain in the form 
of whole cane seed in the silage, and of this amount 17.33 pounds, 
or 33.91 per cent, were recovered from the manure. Excluding the 
cow in the second group which was off feed, 33.65 pounds of kafir 
grain were consumed, of which 16.64 pounds, or 49.46 per cent, of 
kafir grain were found to have been voided in the manure. Data 
for the individual cows are presented in Table 1. 
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Utilization of Grain in Silage by Dairy Cows 


Table 1. —Losses of grain into the manure , from cane and kafir silage consumed 

by dairy cows 


Cane silage group 

s 

! 

Cow No. 

i 

Kafir silage group 

i 

Cow No. Silage 

! eon- 
| sumed 

i 

Calcu¬ 

lated 

grain 

in 

silage 

Grain 

re¬ 

covered 

from 

manure 

Loss 

i 

Silage, * 
con- | 
sumed ; 

Calcu¬ 
lated 
grain » 
in 

silage 

Gram 
re¬ 
covered 
from | 
manure 

Loss 

Pounds 

1 _ ; 300 

2 _i 360 

3 . ! 360 

4 ..354 

Pounds 
11.16 
13.39 
13.39 
13.17 

Pounds 
3.60 
4.83 
4.65 
4.25 

Per cent 
32.26 
36. OS 
34.70 
32. 29 

5 «... 

6 .. 

7 - 

8 .. 

Total, exclud¬ 
ing cow 5-._. 

Pou nds 
268 
340 
420 
336 

Pounds 
8 23 
10.44 
12.89 
10.32 

Pounds 
2.41 
6.09 
6.65 
3.90 

Per cent 
a 29.25 
58.35 
51.57 
37.84 

Total.. 1,374 

i 

i 

51.11 

17.33 

33.91 

1,096 

33.65 

16.64 

49.46 


a Cow 5 refused to eat a part of the kafir silage for three days previous to and for four days during the 
experimental period. The manure voided, therefore, represents less than 268 pounds of kafir silage con¬ 
sumed during the 10-day period in which manure was collected. 


The question naturally arose as to whether the cows had derived 
any benefit from the whole grain voided in the manure. By weighing 
1,000 kernels, dried to constant weight, as obtained from silage and 
from the manure, it was found that the kafir grain had decreased 2.98 
per cent in weight. Likewise the cane seed showed a decrease of 7.85 
per cent in the weight of an equal number of kernels. All weights 
were of hull-free kernels. 

Chemical analyses were made of the hull-free kernels to ascertain 
if possible what changes had taken place in the kernels during their 
passage through the digestive tract. The kafir and cane kernels 
recovered from the manure were found to have a greater ash content 
than those from silage, due possibly to absorption of certain salts 
excreted into the alimentary tract. The ether extract was decreased 
about one-fifth. Crude fiber, contained largely in the outer covering 
of the kernel, was reduced slightly in percentage in the kafir sample, 
but for some unexplained reason appeared to increase in the sample 
of cane seed. Perhaps this increase may be attributed to a somewhat 
greater loss of the contents of the cane seed. A very small loss in 
crude protein was observed in the cane and kafir kernels. The 
nitrogen-free extract was not significantly affected. The character 
and extent of these changes may be noted in Tables 2 and 3. 

The proportion of hulls and the closeness with which they clasp 
the kernels varies with cane and kafir. The percentage of kafm- 
grain hulls obtained from the silage was 13.75 per cent and was reduced 
to 0.50 per cent as recovered from the manure. Likewise, the per¬ 
centage of hulls on the cane seed was reduced from 5.77 to 4.20 per 
cent by passage through the cow’s digestive tract. 


Table 2. —Composition of hull-free cane and kafir kernels as obtained from silage 

and from manure 


Sample 

Moisture 

Ash 

Crude 

protein 

Crude 

fiber 

Nitrogen- 

free 

extract 

Ether 

extract 

Kafir grain: 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

From silage. 

10.25 

0.81 ! 

9.88 

1.66 

74.17 

3,23 

From manure. 

Cane seed: 

10.40 

1.54 

9.36 

1,44 

74.61 

2.65 

From silage. 

10.56 

.60 

8.40 

2.11 

74.83 

3.50 

From manure... 

9.44 

1.43 

8.35 

2.88 

75.06 

2.84 
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Table 3 .—Changes in composition of dry matter in hull-free cane and kafir kernels 
which occurred during passage of the silage through the digestive tract of the cow 



Kafir kernels 

Cane kernels 

Item 

# 

Actual 

change 

(grams) 

Peicentage 

change 

Actual 
change j 
(grams) 

Percentage 

change 

Ciude protein ..„.-.,. 

-0.60 

-5 45 

-0 17 

-1.81 

Ether extract. .. ... 

—. 65 

-18 06 

-.78 

1 -19.94 

Nitrogen-free extract.... 

1.24 

1.50 

.78 

.94 

Crude fiber....-. 

-.24 

-13.04 

.83 

j 35.32 

Ash. .... 

.82 

91 11 

.90 

1 134 33 


436 

i -2.98 

! 

-1.002 

j -7.85 

Total weight....._...j 


i 


DISCUSSION OF RESULTS 

The data presented show that approximately one-third of the 
cane seed and over two-fifths of the kafir grain in silage made from 
these plants, as used in this feeding experiment, were voided in the 
manure. A comparison of the chemical analyses of the grain from 
the silage and of that from the manure shows that a negligible quan¬ 
tity of the nutrients in these undigested kernels was utilized. The 
increased percentage of ash may be explained by the absorption of 
salts by the grain while in the digestive tract of the cow. 

The losses of whole kernels were sufficient to raise the question 
again as to the desirability of heading cane and kafir before ensiling 
these crops. If the heads are first removed, they may be ground and 
added to the grain ration. If they are not removed but are fed in the 
silage, pigs or poultry may be given access to the manure to salvage 
a part of the lost grain. 

The cost of labor and time, the facilities available, as well as the 
value of kafir grain as feed, are factors to be considered in deciding 
whether to head cane and kafir before putting these crops into the 
silo. 

SUMMARY AND CONCLUSIONS 

When dairy cows were fed cane and kafir silage made from fairly 
mature whole plants, one-third of the cane seed and over two-fifths 
of the kafir grain were voided in the manure. 

Chemical analyses showed little utilization of nutrients from these 
whole kernels during passage through the cow's digestive tract. 
Some ether extract was digested, whereas only a small percentage of 
the crude protein was utilized. The effect upon the crude fiber was 
variable. 

Heading cane and kafir silage before ensiling these crops is recom¬ 
mended. Such a practice will depend upon several economic factors, 
such as labor, facilities, and the value of kafir grain as feed. 

When cows are fed silage made from the entire plant, the whole 
grain which passes out into the manure may be salvaged by pigs or 
poultry. 










THE RELATION BETWEEN THE VITAMIN B CONTENT OF 
THE FEED EATEN AND OF THE MILK PRODUCED 1 


By S. I. Bechdel, Department of Dairy Husbandry, and IIaxnaH E. Honey- 
Vell, Department of Agricultural and Biological Chemistry , the Pennsyl¬ 
vania State College 2 

INTRODUCTION 

It has been clearly demonstrated by investigators in England 
(i, 5) 3 and America"(5, 7, £, P, 10) that the degree of potency of 
vitamins A and C in milk is largely dependent on the diet of the am. 
The greater part of the evidence"has been obtained from compari¬ 
sons of milk produced on summer pasture with milk produced on the 
usual winter ration, consisting of silage, grain, and hay. 

It would appear reasonable to expect also that the vitamin B 
growth-promoting factor in milk would be dependent on the diet of 
the cow. Evidence obtained by several investigators does not bear 
out such assumption in all instances. Osborne and Mendel (11) have 
reported that from the standpoint of vitamin B potency milk from 
pasture-fed cows was not superior to that from cows receiving winter 
rations. Later investigations were conducted by Kennedy and 
Dutcher (10), Hughes, Fitch, and Cave ( 9 ), who concluded that the 
presence of vitamin B in milk tvas dependent on the presence of 
this factor in the diet of the cow. More recently Hart (6) has ex¬ 
pressed the opinion that milk produced by cows on pasture is no 
richer in vitamin B than that from cows fed the usual winter ration 
of grain, hay, and silage. It has also been reported that it is not 
possible through the feeding of excessive quantities of wheat germ 
to increase the vitamin B content of cow’s milk (13, p. 18). Just 
recently Bechdel, Eckles, and Palmer (2) concluded that the feed¬ 
ing of cows on a ration deficient in vitamin B slightly reduced the 
vitamin B content of the milk. As the ration fed the cows used in 
this investigation was unpalatable and was not eaten in amounts 
sufficient for satisfactory nutrition, the authors were reluctant to con¬ 
sider the results as being highly significant. 

For the past three years one of the authors has been in charge 
of an investigation to determine the vitamin B requirements of 
calves. Conclusive evidence has been obtained to show that a calf 
will grow normally to maturity, and produce normal offspring on 
a ration that carries an insufficient amount of vitamin B to sup¬ 
port growth and well-being in rats (2). Since the animals used in 
these investigations had been fed on such a ration for over two 
years at the time of freshening, an excellent opportunity was afforded 


1 Received for publication May 21,1927 ; issued September, 1927. Published by permission 
of the Director of the Pennsylvania Agricultural Experiment Station as Technical Paper 
No, 429 of the Journal Series. 

2 The authors- wish to acknowledge their appreciation of the helpful advice received 
from Prof, R. A. Dutcher in planning and carrying out the experiment. 

3 Reference is made by number (italic) to * k Literature cited,” p. 287. 
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for a study of the vitamin B content of milk which was produced 
on a ration definitely known to be deficient in vitamin B. 

In all of the investigations previously carried out as cited above, 
the vitamin B content of the ration fed to the cows was not- defi¬ 
nitely determined through rat-feeding trials. Furthermore, in the 
previous investigations, the deficient ration was not fed for such a 
prolonged period of time before the cows began producing milk. 

EXPERIMENTAL PROCEDURE 

The object of the present study was to determine through labora¬ 
tory feeding trials with rats, the vitamin B potency of milk pro¬ 
duced by three of the vitamin B growth experimental animals (i£), 
Nos. 1168, 1169, and 1170. Two of these cows, Nos. 1169 and 1170, 
had received the ration deficient in vitamin B (found so by 11 rat¬ 
feeding trials) throughout their growth and reproductive careers, 
a period of about 750 days. The other cow, No. 1168, had received 
a vitamin B supplement to her ration for a part of the time during 
her growth period (3, p, JfZJf). Continued feeding of this vitamin 
B supplement (mamiite yeast) was found unnecessary for growth 
and well-being, and it was dropped from the ration almost 300 days 
before she freshened. 

Animal No. 1169 freshened December 18, 1925, and No. 1168 a 
week later. Two weeks after the latter had freshened, about 10 
quarts of her milk and 30 quarts from No. 1169 were saved from 
4 successive milkings for the experiments. The milk from these 
heifers was mixed, poured in sterile containers, sealed, and frozen 
solid. A refrigerator maintained at about 10° F. below zero was 
used for storing the milk until it was needed for experimental 
feeding. 

The milk was all collected at one time for the reason that there 
was some doubt as to whether the heifers would be able to lactate 
on the experimental ration for any great length of time. It was 
fortunate that such provision was made, since it developed a few 
days later that the experimental ration was inadequate to meet the 
heavy demands of lactation. Subsequent investigations, the details 
of which will be submitted in a later paper, established definite 
proof that the apparent deficiency was not due to an inadequate 
supply of vitamin B. Since vitamin B storage has not been found 
in other species (i-i), it would have been very interesting to study 
this phase of the problem on cattle. The authors appreciated, how¬ 
ever, that the possibility of vitamin B storage In these heifers was 
almost negligible, and also that the fact that the milk was obtained 
earlv in lactation would not materially depreciate the value of the 
data. 

Animal No. 1170 freshened February 6, 1926, after it had been 
fed the deficient ration 776 days. Her milk was sampled and stored 
for experimental feeding as described above. 

The experimental ration fed to the heifers was made up of dried 
sugar-beet pulp as the sole source of roughage and the following 
concentrates: Corn gluten, pearled hominy from white corn, polished 
rice, cornstarch, imported casein (Argentine), cane sugar, bone 
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meal, and a mineral mixture. Cod-liver oil was fed daily to supply 
fat soluble vitamins. 4 

The laboratory methods previously employed for vitamin studies 
by Dutcher and his associates (4) were used in this investigation. A 
vitamin B free basal ration (4, p- 383) was fed in connection with 
the milk, as the sole source of vitamin B supply. Twelve cubic 
centimeters of milk from cows receiving good winter rations when 
fed in this way had been found necessary to support normal growth. 
The experiments were planned, therefore, with five groups of rats in 
order to study daily allowances per rat of 8, 10, 12, 16, and 20 c. c. 
of milk. Twelve rats were allotted to each group at the beginning 
of the experiment, and the mixed milk from cows Nos. 1168 and 1169 
was fed to them. Beginning with the ninth week of feeding, all of 
the rats but the group allowed 20 c. c. of milk daily were fed milk 
from heifer No. 1170, as the remaining supply from the other heifers 
was inadequate to complete the experiment. 

The rats were put on experiment at an average age of 24 days. 
Their average initial weight was 37 gm. In all of the work individ¬ 
ual cages with screen bottoms (3 meshes to 1 inch) were used, a prac¬ 
tice which has been rigidly carried out in this laboratory for over 
three years. Iodine was feci in the drinking water. The milk was fed 
in a container separate from the basal ration, and two drops of cod- 
liver oil were added to the milk daily to insure an adequate supply 
of vitamins A and D. 

DISCUSSION 

The experimental data were averaged and put in graphic form 
as presented in Figure 1. The- groups fed 8 and 10 c. c. of milk 
(curves A and B) deviate markedly from the normal. None of 
the individual rats in the group allowed 8 c. c. were normal in size 
at the end of 91 days of feeding, although every individual! con¬ 
tinued to gain in weight during the entire feeding period. Similar 
comment may be made also concerning the group allowed 10 c. c. of 
milk, except that one individual was normal in size at the end of 
the experiment. There was apparently no tendency toward patho¬ 
logical conditions in any of the rats of the two groups above men¬ 
tioned or of the groups fed larger quantities of milk. 

‘The group receiving 12 c. c. of milk (curve C or curve FI) made 
much better growth than those receiving less. Nine rats, or 50 per 
cent of this group, were of normal or larger size at the end of 84 
days of feeding. 

When the feeding of milk from heifer No. 1170 was started as 
mentioned above, an additional group of six rats was put on an 
experiment in which 12 c. c. of milk was added to the basal ration. 
This was done in order to determine whether the growth of the 
young, more rapidly growing animals would indicate any difference 
in the milk from another coav on the same diet. No detectable dif¬ 
ferences in the growth of any of the groups of rats was observed 
when the milk was changed. However, the growth of the additional 
six animals conformed closely to that of the rats from the same stock 


4 Details concerning the ration and feeding technic* may be found In the Journal of 
Dairy Science {2, p. $n). 
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that were fed by Butcher, Francis, and Combs ( 4 ) on 12 c. c. of raw 
milk from the college herd. For convenience of study, a copy of 
the growth curve on the latter data has been placed on the chart 
(curve F) beside those of the two groups of rats fed 12 c. c. of raw 
milk in this experiment (curves G and H). (Curve F copied from 
Dutcher, Francis, and Combs.) 

In order to have enough animals of one age and weight to start 
the five groups at one time, the rats used were purchased from a 
supply company. It so happened that they were of a strain of a 
somewhat lighter "weight than the laboratory stock. It is entirely 
probable that their growth (curve H) is as near normal for their 
weight as that of the Pennslyvania State Stock (curve G). From 
the evidence presented by this additional group in connection with 



that of the original 12 rats, it is apparent that 12 c. c. of milk from 
cows on a ration deficient in vitamin B carried as much vitamin B 
as 12 c. c. of milk from cows receiving good winter rations. 

The groups of rats allowed 16 c. c. (curve D) and 20 c. c. (curve 
E) of milk were so nearly identical that the experiment with the 
latter was discontinued after 56 days in order to save the milk for 
further feeding. Had the rats in these groups been of the Penn¬ 
sylvania State stock their growth curve would no doubt have been 
above the Donaldson normal curve which is used in presenting all 
data; from this laboratory. Furthermore, had the Pennsylvania 
State stock been used in the groups fed 8 and 10 c. c. of milk, the 
growth curves would have approached more closely to the normal. 

The jauthoi's have for some time been conducting experiments to 
determine the possible synthesis of vitamin B by bacterial fermenta¬ 
tions in the rumen of the digestive tract, as mentioned in an earlier 
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paper (2). Although these experiments are not completed, it may 
be said at this writing' (April, 1927) that some very positive evi¬ 
dence has been obtained. 


SUMMARY 

This investigation was conducted to determine the vitamin B 
potency of milk from three cows that were fed for over two years, 
throughout their growth period, on an experimental ration that 
was decidedly deficient in vitamin B' growth factor. The milk was 
fed to rats as a supplement to a vitamin-B-free basal ration on 
levels of 8, 10, 12, 16, and 20 c. c. per rat per day. The vitamin B 
potency of the milk was found equal to that of herd milk from cows 
receiving a good winter ration. It is concluded that vitamin B in 
milk is not dependent upon the presence of this vitamin in the ration 
of the cow. It would appear that cattle, and possibly all ruminants, 
differ from other animals in their ability to grow to maturity, to 
produce normal offspring, and to maintain vitamin B in their milk 
when forced to subsist on rations deficient in vitamin B. If this^is 
true, it would appear that ruminants possess the power to synthesize 
vitamin B. Experiments are in progress to determine whether this 
synthesis is due to microorganisms normally present in the rumen. 
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NUCLEAR PHENOMENA ASSOCIATED WITH HETERO- 
THALLISM AND HOMOTHALLISM IN THE ASCOMY- 
' ‘CETE NEUROSPORA 1 

• B. 0. Dodge 

Pathologist , Office of Fruit Diseases , Bureau of Plant Industry, United States 
Department of Agriculture 


INTRODUCTION 

« A new genus of aseomycetes with four species has been recently 
described by Shear and Dodge ( 18 ) 2 . The culture work reported in 
that paper established the connection between the conidiaf and the 
ascocarpic stages. It also proved that two of the species, Neurospora 
siiopMla and Neurospora crassa , are heterothallie. A preliminary 
study of the nuclei in spore formation in Neurospora tetrasperma } 
which is ordinarily homothallie, suggested that by a proper selection 
of spores on the basis of their size, monosporous mycelia could be 
obtained which would produce only conidia when grown separately, 
but which when properly mated would also develop ascoearps. The 
present paper discusses the nuclear behavior which accounts for the 
fact that heterothallie strains may be segregated out of a species 
which is commonly homothallie. 

The ascus of Neurospora tetrasperma usually develops only four 
spores, and each spore contains two nuclei at its origin. The method 
by which two or more of the eight nuclei in an ascus cooperate in 
the delimitation of an ascospore is described for the first ^Mne. 

MATERIAL AND METHODS 

' # 

Material for cytological work on Neurospora tetrasperma was 
obtained from cultures on corn-meal agdr in test tubes and Pekr- 
dishes. If conidia or fragments of mycelium are sowed on corn-meal 
agar, perithecia will begin to appear about the fifth day, so that 
material for fixing may be had from cultures which are from 5 to 
10 days old, depending on the temperature of the culture room. 

Small pieces of agar bearing ascoearps were fixed in Flemming’s 
weaker solution. Sections were cut 5 microns thick and stained 
with the triple stain. The perithecia usually form on the surface of 
the agar, so that orientation of the fruit bodies in cutting is not 
difficult. Not infrequently the perithecia develop below the surface 
of the agar. Such material is not as satisfactory for this work. 
The perithecia of Neurospora crassa do not fix as well as do those of 
N. sitopMla and N. tetrasperma . Only those results obtained by a 
study of the last species are given in this paper. 


i Received for publication April 19, 1927; issued October, 1927. 

3 Rr’erence is made by number (italic) to “Literature cited,” p. 304. 
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NUCLEAR BEHAVIOR IN THE ASCUS OF NEUROSPORA 
TETRASPERMA 

The ascus crosier appears to be formed in the usual fashion and 
later the two nuclei in the young ascus fuse. In this stage it is usually 
seen that the cytoplasm of the ascus has been differentiated into two 
regions. The central part, more finely granular, is to become the 
spore plasm. The epiplasm in the upper and lower ends of the 
ascus contains large vacuoles which are somewhat elongated. | 

After nuclear fusion has taken place and the young ascus has 
elongated, the development of a thickening at the apex of the ascus 
goes on until it can be recognized clearly as a red ring when stained 
with safranin. In fixed material the cytoplasm at both ends of the 
ascus seems inclined to shrink more than the central portion, perhaps 
because it is more vacuolar. The fusion nucleus is often surrounded 
by several so-called extranuclear bodies which stain deeply (pi. 1, A). 

The spindle of the first division lies along the long axis of the ascus 
(pi. 1, B). In no case has a transverse spindle been found at this 
stage although the ascus is rather broad and there would be sufficient 
space for a transverse spindle. 

After the first division is completed the reorganized daughter 
nuclei, moving apart, come to rest in various positions. They may 
be widely separated, one lying in the upper, the other in the lower 
part of the spore plasm. In that case the spindles of the second 
division will appear to be nearly longitudinal (pi. 1, D). This 
material gives an abundance of the two-nucleate stage, but the 
chromatin does not differentiate well in staining.* The chromosomes 
in the metaphase stages of the first and second divisions are very 
distinct so that they might be counted without great difficulty. If 
the daughter nuclei had come to rest in the position shown in Plate 
1, C, the tw T o spindles would then be oriented in some such way as 
are those shown in Plate 1, E and F. At E the remains of the old 


EXPLANATORY LEGEND FOR PLATE 1i 

A. —Primary nucleus with extranuclear bodi es. Cytoplasm differentiated into the central spore plasm, 
and epiplasm at each end with large vacuoles. Shrinkage during fixation at the upper and lower ends. 

B. -Metaphase of the first division. The spindle is parallel to the long axis of the ascus. The pointed 
ends of the spindle take the safranin stain readily. 

C. —One type of the two-nucleate stage where the nuclei are not oriented on the central longitudinal axis 
of the aseus; large vacuoles in either end of the ascus. 

D .—Second division in metaphase stages. The spindles are longitudinal, one somewhat above the other 
but at a different focus. 

E—Another type of division in which the spindles lie oblique to the walls of the ascus. The remains of 
the old nuclear membrane somewhat collapsed, show distinctly on both of the spindles. Very little cyto¬ 
plasm in either end of the ascus; spore plasm rather dense and finely granular. 

F. —Late telophase stage of the second division. Spindles oblique, one somewhat above and parallel to 

the other. The polar chromatin masses connected by filamentous structures which take the stain lather 
heavily. Remains of the parent nuclear material seen at the center of the upper spindle. ] 

G. —Four-nucleate stage, the pair of nuclei lying at a higher focus, more heavily shaded. Such a distribu¬ 
tion of the nuclei may well result from divisions similar to those shown in Figures E and F. The two upper 
nuclei are somewhat pear shaped. The relationship of the nuclei can be determined by the location of the 
central bodies; compare with I. 

H. —Two views of the same nucleus somewhat more enlarged than in the othersgures. At the left and 
seen at a higher focus, the nucleus appears nearly spherical or without particular distortion. At the right, 
part of the same nucleus, seen at a lower focus, now shows the beak-hke cap with forked appendages. 

I. —Four-nucleate stage in resting condition. Nucleoles distinct. Each nucleus is pear shaped or 
crowned by a beak-like cap of fibers at the end of which is a forked appendage. The beaks of the sister 
nuclei extend in opposite directions. The spore plasm at this stage is divided into tw T o parts by a series of 
central vacuoles. 

J and K.—Two sections of the same ascus during metaphase stages of the third division, j should have 
been mounted so that the nucleus would have been at about the same level as the lower nucleus in K. At 
the upper end of the ascus in K can be seen one complete spindle and the tip end of a second, the remainder 
of which appeared in the next section and was not drawn. 


1 The writer is indebted to Lulu O. Gaiser for assistance in drawing a number of the figures included in 
the plates. 
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nuclear membranes and the fibrous material connecting the sister 
polar masses are still visible. Slightly later stages are shown in F. 
The daughter nuclei in each pair are beginning to reorganize while 
the darkly staining connecting strands are still very prominent. 

In about half of the figures of the second division catalogued the 
spindles present the appearance of conjugate division. They lie 
more or less parallel to each other and oblique to the long axis of 
the ascus. Divisions in the ascus have heretofore been regarded 
merely as simultaneous. Conjugate divisions are devices to insure 
nonsister nuclei being brought together in a common cytoplasm. 
With such a method of division as is shown in Plate 1, E and F, each 
end of the ascus would surely contain a pair of nonsister nuclei. If 
such an arrangement serves a useful purpose, and it would if segrega¬ 
tion of the sex factors occurs in the first division, how can such a 
contingency be provided for in case the dividing nuclei are located 
as.shown in Plate 1, D? Fully 50 per cent of the division stages at 
this time actually show these, spindles rather widely separated. 
This would suggest that after the second division there would of 
necessity be a pair of sister nuclei in each end of the spore plasm all 
in one row T . The writer has never seen such an orientation in Neuro- 
spora tetraspenna . Since they do not lie on the same axis of the 
ascus, a shifting of position of the reorganizing nuclei, still connected 
by fibers, must take place, so that a pair of nonsister nuclei will come 
to he in each end of the ascus. This is similar to the shifting of 
pairs of nuclei in the promycelium described by Dodge and Gaiser 
(5) for Oaeoma nitens , except in a reverse order and with the opposite 
effect. 

It will be shown later in the discussion that perhaps nothing in the 
cytology of the ascus is more important in its bearing on the experi¬ 
mental results obtained from growing ascospores and crossing differ¬ 
ent species of Neurospora, than is a knowledge of the genetic rela¬ 
tionship of the two nuclei which one sees in each end of the ascus 
after the second division. Practically any section of a perithecium 
in winch the asci are developing vigorously will show such figures as 
are given in Plate 1,1. Because of the beautiful symmetry presented 
in such cases there can be no doubt that the nuclei wiiose beaks 
extend in opposite directions are sister nuclei. 

Each of the four nuclei showm in Plate 1, G, is slightly elongated. 
A central body is clearly evident at the point of greatest elongation 
of each nucleus—that is, on the side toward the top of the figure for 
the two upper nuclei and on the side toward the bottom of the figure 
for the two low r er ones. The nuclei that are more heavily shaded 


EXPLANATORY LEGEND FOR PLATE 2 

A to C.—-Three consecutive sections of the same aseus. The first section, A, shows a large part of one 
spindle and a part of one spike-like appendage of another. The rest of these nuclei appear at the lower end 
oi the aseus, shown in B. The chromatin material is bunched at each end of the spindles and spike-like 
prolongations somewhat curved, extend out to the plasm membrane. The two nuclei shown in the upper 
end of the ascus, B and C, are members of a pair dividing conjugately, one almost directly under the other 
but more obliquely placed. , , 

D.—Slightly older or late telophase stage. The daughter nuclei nearly reorganized and showing the 
curved spiked extensions now pressing against the plasma membrane on each side. 

E and F.—Two adjacent sections of the same ascus showing the eight nuclei at the beginning of spore 
formation. The nuclei clearly in pairs, symmetrically placed, two on one side and two on the other in 
each end of the ascus. The appendages are now strongly curved and from these structures are proceeding 
very delicate astral rays. The spore plasm of the ascus is divided into two regions by large vacuoles ar¬ 
ranged across the ascus at about the middle. . 

G.—Stage in spore formation in one end of an ascus somewhat later than the stages shown in E ana F. 
Each spore will contain a pair of nonsister nuclei from the beginning. 
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were at a higher focus. They are undoubtedly sister nuclei. The 
best evidence for this assumption is that the central bodies are 
symmetrically located on opposite sides of the nuclei. Viewed at 
right angles to the plane of the section shown in Plate 1, G, such a 
disposition of the four nuclei could well have followed from an orien¬ 
tation of the spindles like that shown in E. 

The writer has described the nuclei at this stage as pear shaped or 
as having long beaks (pi. 1, I). When, however, one studies such 
sections as are illustrated in Plate 1, H, or those of more delicately 
stained preparations, the beak sometimes appears to be made up 
of a cone of fine fibers capping the nucleus, which perhaps is only 
slightly elongated. In spite of this evidence the writer is not con¬ 
vinced that such figures represent early stages in the reorganizing of 
the daughter nuclei. 

Another reason why Plate 1,1, is assumed to represent a stage long 
after the second division, is that the spore plasm is now very definitely 
divided into two sections by a series of vacuoles extending somewdiat 
obliquely across the ascus. These vacuoles enlarge and run together 
more and more after the third division (pi. 2, E and F.) The organi¬ 
zation of the fine granular material at the poles (pi. 1, E) suggests 
slightly the origin of the forked appendages, yet at- the poles of the 
spindle in F there is not the slightest indication of such structures. 
Plate 1, F, clearly represents a later stage than E. 

A study of slightly later and more critical stages may show that 
the antlerlike structures, central bodies(?), attached to the chromo¬ 
somes by fibres, simply break in two and move straight out to the 
walls of the ascus on opposite sides, giving metaphase stages like 
those shown in Plate 1, J and K. 

In the third division the spindles are transverse—that is, perpen¬ 
dicular to the ascus walls. In the metaphases of all three divisions 
one sees at each end of the spindles a sharply pointed mass of deeply 
staining substances, a part of which is undoubtedly the centrosome, 
although astral rays do not show at all prominently at any stage in 
this material. 

Usually not all of the four spindles of the third division lie in one 
plane. The section may show a longitudinal view of the upper 
spindle, while the lower spindle appears only in a polar view. The 
sections for the illustrations for Plate 1, J and K, and Plate 2, A and 
G, were chosen particularly because, showing longitudinal and not polar 
views of the spindles, they give the best idea of the relationship of 
the eight nuclei resulting from this set of divisions. 

In the telophase stages the now curved and more densely staining' 
end structures appear to be attached to the ascus walls, the chromatin 
bodies being bunched together in two or three masses (pi. 2, A, B, 
and C) and the remains of the old spindle still stretching across the 
ascus. ^ A still later stage is shown in Plate 2, D, in which the reor¬ 
ganization of the daughter nuclei is about completed. 

The next stage shows pairs of small nuclei side by side, pressing 
against the ascus wall. Symmetrically placed on the opposite side 
of the ascus, is another pair of similar nuclei (pi. 2, E and F). Seldom 
are all four nuclei seen in one section. Serial sections, however, in¬ 
variably show the nuclei which were missed in the preceding section. 

The beaks of the nuclei now become further prolonged and curved 
sharply at the ends like umbrella handles. Astral rays are very 
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delicate in these species so that the details in spore delimitation are 
not adequately brought out. There can be no doubt, however, as to 
the nature of the process or of the fact that adjacent nonsister nuclei 
cooperate in cutting out the spores. In the early stages it is some¬ 
times impossible to tell whether one very large spore or two of normal 
size will be delimited in one end of an aseus, especially in cases 
where four nuclei lie in nearly the same plane (pi. 2, G). If the 
plasma membrane and vacuoles take part in the process, it is only in 
a secondary way. Large vacuoles often appear both within and out¬ 
side the spore opposite the nuclei (pi. 3, A and B). 

There must be much twisting, turning, and slipping of the spores 
just as soon as they are fully cut out; otherwise they would not be 
uniseriate at maturity, and such sections as are shown in Plate 3, A, 
in which the two nuclei in each of the four spores all point in the same 
direction, would not be found. Three such cases were observed in 
this material. The nuclei in adjacent spores usually extend in 
opposite directions (pi. 3, B, above). The curved tip ends of the 
beaks must be fairly definite structures (pi. 3, C). With delimitation 
complete, the body of the nucleus becomes detached from the curved 
end (pi. 3, D) and moves down to the center of the spore (pi. 3, E). 
After the four spores have enlarged somewhat and become more 
or less elliptical, their nuclei divide simultaneously. The spindles 
in a spore usually are not in the same plane. Parts of two adjacent 
sections of the same ascus are shown in Plate 3, F and G. The 
spindles of the spore at a and a' are at right angles. The mature 
normal spore will have four nuclei (pi. 3, H). 

SIGNIFICANCE OF ABNORMAL SPORES 

The most interesting phase of spore formation is brought out in 
Plate 3, B, where the formation of four spores, each with a single 
nucleus, is going on in one end of an ascus while two spores with two 
nuclei each are being cut out in the other end. The genetic relation¬ 
ship of the nuclei in the uninucleate spores can be told by the position 
of the beaks, which extend in opposite directions when the nuclei 
are sisters. The tw r o adjacent spores at the right of Plate 3, B, as 
well as the two at the left w r ould have been of opposite sex; but it is 
problematical where they wo.uld finally lie in the mature ascus. In a 
narrow ascus, such as is found in Neurohpora erassa and N. sitophila , 
the two spores developed from sister nuclei are always adjacent in 
the mature ascus. Further work is necessary to learn the details 
of the processes by which more than two nuclei cooperate in spore 
formation in N. tetrasperma. As noted previously, an ascus of this 
species nondally contains four spores (fig. 1, A). If one crushes four 
or five perithecia in which asci are maturing, he will probably find 
one* or two asci with an abnormal number of spores (fig. 1, B to E); 
most rarely of all, an ascus may contain only one giant spore. If 
themuclei of one sex be indicated in black and those of the other sex 
in white, Figure 1, F and G, will represent the way in which the nuclei 
cooperate in cutting out spores with two nuclei, and also the way in 
which they sometimes fail to cooperate, with the result that small 
uninucleate, unisexual spores are developed. Figure 1, H and I, show 
how either four or eight nuclei could act together in cutting out largo 
spores. This point has not been followed up. 
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Shear and Dodge (18) found that monosporous mycelia from small 
spores develop large numbers of sclerotia or bodies which resemble 
aborted peritheeia. No ascospores are developed in such structures. 
By properly mating these cultures, normal peritheeia are formed with 
asci which have commonly only four spores. The larger, normal 
spores, have two nuclei when first delimited and thus contain nuclei 
of both sexes. 

These conditions are in an entirely different category from those 
described by Burger (8), Cunninghamella is heterothallic. Burger 
reports isolation of monosporous mycelia which he says may be called 
hermaphroditic. Work with these aberrant mycelia was entirely 
discontinued so that the cultures were lost and this work has not 
been repeated or confirmed. What little is known of the cytology of 
the Mucoraceae would suggest that Burger may well have been 
correct in his conclusions. The condition described might depend 
on where and how completely segregation takes place, and the chances 
for the accidental inclusion of nuclei of both sexes in the same spore 
at some critical point following the germination of the zygospore. 
Such an explanation, however, is discounted by Burger, who is 
inclined to entertain the idea of compatibility, although he has no 
explanation to offer for the condition which he describes. 

The writer refers to monosporous mycelia of the heterothallic 
species as haplonts and uses the terms “unisexual,” “bisexual,” 
“sex,” and “sexuality” in this paper without knowing, in fact, 
whether or not the mycelia of the species of Neurospora produce 
functional oogonia and antheridia. Both reciprocal haplonts produce 
coiled structures which enter into the development of the perithecium. 
Further study will no doubt demonstrate that these primordia are 
morphologically and functionally different. Work on crossing of the 
haplonts of different species, to be reported later, shows that the 
descendants of nuclei from both haplonts must finally fuse in the ascus. 

Knowing that the existence of “psuedo-heterothallism” in Neuro¬ 
spora tetrasperma is based on the accidental inclusion of only one 
of the two sexually different nuclei which are normally contained 
m each spore at its origin, a way is suggested by which one may be 
able to obtain homothallic strains from heterothallic species, such as 
N. crassa and N . siiophila . The former species particularly may, 
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on rare occasions, develop an ascospore which is much too large for a 
spore with only* one nucleus at its origin (fig. 1) and can not be 
accounted for as simply a matter of competition for the nourishment 
in the spore plasm. Should such a spore contain two or more nuclei 
at its origin (fig. 1, G, H) and have been delimited in the same way as 
are the normal spores of N. tetrasperma, then, on germination, a 
homothallic mycelium will be developed. Clearly heterothallism and 
homothallism in the species of Neurospora are not absolutely fixed 
specific characters, although the sexual nature of an individual 
haplont is definitely determined by the time the spore is cut out. 

The occurrence of 
spores of different sizes 
in the ascus of Bulgaria 
inquinans has long been 
a matter for speculation. 

Moreau (14) finds that 
some spores are large and 
others are small for two 
very different reasons. 

All of the nuclei do not 
necessarily divide simul¬ 
taneously so that one 
may sometimes find rest¬ 
ing nuclei of both the 
second and third genera¬ 
tions in the ascus at the 
same time. A nucleus 
of the second generation 
will be much larger than 
one of the third. Spores 
formed at once and in¬ 
cluding nuclei of the third 
division, this author be¬ 
lieves, having the first chance at the nourishment in the spore plasm, 
would become larger than the other spores formed in the same 
ascus later. Regardless of the size of the spore, each one contains 
only one nucleus at its origin. When two of the original eight 
nuclei are included in the same spore, as Wolf (20) found in Podo- 
spora anserina , the spore will be much larger than one with only a 
single nucleus. Such forms as P. anserina and Bulgaria polymorpha 
should prove extremely interesting. Has the former a heterothallic 
sister species? May not the smaller uninucleate spores of the latter 
be unisexual and the larger binucleate spores be bisexual as they are 
in Neurospora tetrasperma f Faull (6) figures a two nucleate spore 
of Neotiella, and Fraser (9) shows a spore of Humaria rutilans con¬ 
taining five nuclei at its origin. These authors considered such 
spores simply as abnormal and of no consequence. The writer has 
pointed out above the significance of the inclusion of different num¬ 
bers of nuclei in spores, particularly in cases where heterothallism 
must be taken into account. 



Fig. 1—Diagram of asei with various numbers of spores at 
maturity and method of spore delimitation. A, normal 
number of spores is four, very rarely only one giant spore 
(E) is formed; F, small uninucleate, unisexual spores; G, bi¬ 
sexual, binucleate spores; H, bisexual four-nucleate spore; I, 
eight-nucleate spore in which allot the nuclei resulting from 
the third division of the fusion nucleus cooperate m cutting 
out the spore. H and I theoretical 


HETEROTHALLISM NOT DIOECISM 

Perhaps 50 per cent of the red algae are heterothallic. In the fila¬ 
mentous and thalloid green and brown algae the male and female 


296 


Journal oj Agricultural Research 


Vol. 35, No. 4 


gametes of certain species are borne on different plants. The same 
is true for liverworts, mosses, and ferns; and, of course, all seed 
plants are heterothallic. Among the fungi, certain species of water 
molds have long been known to be heterothallic. Thanks particu¬ 
larly to Thaxter, one order of ascomycetes alone, the Laboulbeniales, 
now presents at least a dozen genera with some hundred species 
which are heterothallic. In all of the groups mentioned, it is readily 
demonstrated that some gametophytes are male and others are 
female, although the cytological details of nuclear behavior may be 
entirely unknown. With such evidence at hand, it is strange that 
the existence of heterothallism among our higher ascomycetes should 
have been so long unknown. 

Blakeslee (2), when he first proposed the use of the terms, stated 
that “heterothallic” and “homothallic” correspond to “dioecious” 
and “monoecious” in the flowering plants. In all his subsequent 
writings this author shows that originally he must have intended the 
illustration merely as an analogy. Allen (1) working on the genetics 
of Sphaerocarpos has emphasized the importance of keeping in mind 
the difference between male and female plants of the liverworts, 
mosses, etc., on the one hand, and staminate and pistillate individuals 
of the flowering plants on the other. Pollen tubes are male haplonts, 
embryo sacs are female haplonts. Recently Sharp (17) in discussing 
the factorial interpretation of sex determination rightly insists that 
all flowering plants are heterothallic. Only a comparatively small 
number are dioecious. Less confusion might result if, for example, 
such genera as Amorphomyces and Herpomyces were referred to as 
heterothallic instead of as dioecious. The terms now have entirely 
different meanings. 

The Mucoraceae apparently do not afford the best material for 
cytological study. No one has been able so far to find any connec¬ 
tion between nuclear behavior and the segregation of the factors 
determining sexual reproduction in heterothallic forms. 

In the case of certain higher basidiomycetes it is now known just 
what the nuclei do, step by step, from the time the spores germinate 
until the new generation of spores is formed on the basidium. No 
more complete story of nuclear behavior is known in the plant 
kingdom, but there is nothing in the cytology which serves as a basis 
for predicting which species of Coprinus, for example, will be hetero¬ 
thallic and w T hich ones homothallic. 

Melanospora destruens (18) resembles Neurospora sitopMla in 
several morphological features. It is not yet clear why the former 
should be homothallic and the latter heterothallic. W r ithin the genus 
Neurospora, however, the factors which determine certain types of 
sexual reaction are clearly segregated before, instead of after, spore 
formation, so that a study of nuclear behavior in the ascus enables 
one to see why one species is heterothallic while another is homothallic. 

SEGREGATION OF SEX FACTORS 

In Pyronema the antheridia are developed on dichotomously 
Dranehed hyphae which are quite distinct from those that build the 
oogoma. Monosporous myc-elia of this species are said (4) to produce 
ascocarps m culture. Each ascospore is at first uninucleate. The 
segregation of the sexes must therefore take place a long time after 
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spore germination. A number of ascomycetes outside of the La- 
boulbeniales develop sex organs which ai*e morphologically and 
functionally of two different sorts. Since the two spores in an 
ascus of Phyllactinia corylea are formed from sister nuclei (11) the 
chances, one might think, for this species to be heterothallic are small. 
Yet if the factors for sex differentiation are segregated out in the 
third division, as may well be the case, spores of two different sexes 
will then be formed in the same ascus. The production of perithecia 
by certain species of the Erysiphaceae is very erratic. When culture 
work on such forms is carried out with monosporous haplonts, no 
doubt some of these species, such as the mildew on raspberries, will 
likely be found to be heterothallic. 

Thaxter’s highly interesting accounts of the development of various 
species of the Laboulbeniales show that in the heterothallic (“ dioe¬ 
cious”) forms the spores are of two sorts, usually somewhat different 
in size. The male spore is frequently somewhat smaller than the 
female. They are discharged from the asci in pairs and become 
attached to the host side by side. The sex of each spore has been 
determined absolutely by the time it has been delimited. In this 
connection Thaxter remarks (19, v. 13, p. 222): “The cytological 
phenomena * * * which lead up to the sexual differentiation 

and pairing in the ascus of these male and female spores, is likely to 
prove of unusual interest.” It is a curious fact that in cases where 
the spores of the hermaphroditic species are frequently discharged in 
pairs and become attached to the host side by side, only one of the 
spores of the pah develops into a mature plant (19, v. 14 ). The 
other spore degenerates without germination. 

Thaxter (19, v. 12, p. 217-218) further says: “It has been previ¬ 
ously mentioned that in a majority of forms [hermaphroditic species] 
the antheridial appendage is developed from the terminal cell of the 
germinating spore. The female organs, however, are always formed 
from the products of the division of the basal cell, never in any case 
from the terminal cell, where this is present. Although the products 
of the division of the terminal cell are invariably sterile or male, it 
is not true, as might be supposed, that the basal cell or its derivatives 
have any inherent female character, since in many cases both normal 
and abnormal antheridia and antheridial branches may arise below 
the point of insertion of the female organ, or even, in exceptional 
cases, replace it entirely.” 

This may be the correct interpretation. It may also be claimed 
that the facts cited go to show conclusively that usually the terminal 
cell is in fact inherently male and the basal cell female, and that 
segregation of the sexes takes place during the fourth nuclear divi¬ 
sion after nuclear fusion, that is, during the first nuclear division 
after spores have been cut out. Occasionally, however, such a sex seg¬ 
regation is not consummated at this time and antheridial appendages 
develop from the cell which, normally or abnormally, gives rise to the 
carpogenic structures. This could very well be due to a failure to 
lay down the septum until after a second nuclear division in the 
spoi’e, and the inclusion of one of the extra male nuclei in the basal 
cell. If the development of the male structures from the terminal 
cell and the female structures from the basal cell could be reversed 
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bv inverting the spore or in any other way, this would prove, of 
course, that there is nothing inherent sexually in either segment of 
the spore. 

Thaxter has been unable to determine whether or not the asci of 
the genus Herpomyees are eight-spored. “If this were actually the 
case, 5J he says, “it would involve the curious phenomenon of absoliite 
sex differentiation in the last mitosis, which would not necessarily 
occur in a four-spored ascus” (19, v. 13 , p. 883). 

It is to be regretted that the only cytological work so far published 
on the Laboulbeniales has been upon two species in which the anther- 
idial structures are said to be unknown, so that sexual reproduction 
as such would clearly be out of the question. Faull (8) finds that in 
Laboulbenia chaetophora the spindles of the first and second mitoses 
are longitudinal. In the four-nucleate stage the nuclei are in pairs, 
two in the upper part of the ascus and two in the lower; again in the 
third division the spindles are longitudinal. After reorganization, 
four nuclei move to the upper part of the ascus and disintegrate. 
The four which develop at the lower ends of the spindles take a cen¬ 
tral position. Faull says further (7): “The functional nuclei, in 
Laboulbenia chaetophora at least, are the lower ones in the spindles of 
the last mitosis. There are some reasons for believing that the same 
is true of Amorphomyces and Dioichomyces, in which case sexual 
differentiation of the spores might be determined in the second 
division. ” 

Assuming that nuclear behavior during the processes leading up 
to the delimitation of the ascospores should be the same for the 
heterqthallic genera as that given by Faull for the two partheno- 
genetic species which he studied, is it necessary to assume also that 
the segregation of the sex factors must occur in the second division? 
For practically all the species of this group where fecundation is 
an essential factor for the full development of the ascus, all that would 
be necessary to make a species heterothallic would be to move the 
point of segregation back from the fourth to the third nuclear divi¬ 
sion^ Evidently many of the species commonly homothallic have 
provided for just such an emergency by discharging the spores in 
pairs. 

The features in the cytology of the ascus discussed by previous 
authors and which have a particular bearing on segregation of the 
sex factors and other work covered in this paper are: (1) The position 
and direction taken by the spindles during each of the three nuclear 
divisions; (2) the location of the resting nuclei in the spore plasm 
and their relationship, one to the other, at different stages in the 
development of the ascus; and (3) the part taken by the nuclei during 
spore formation and the method of spore delimitation. It may be 
noted that on certain points there is a general agreement among 
previous writers. 

The spindle in the first division of the primary nucleus usually 
lies parallel to the long axis of the ascus. Harper (10) and Claus- 
sen (4) have pointed out that in Pyronema this spindle may also be 
transverse. The writer has found that in Ascobolus winteri the first 
spindle is always transverse. One or two other exceptions have 
been reported. 

After the first division has been completed, the two daughter 
nuclei separate and come to lie one above the other, either on the 
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median long axis of the ascus, or, just as frequently, on some line 
which is oblique to the aseus walls. Reports of finding the nuclei 
lying side by side as though reorganized at the ends of a transverse 
spindle have not been seen in the literature. 

The two spindles of the second division are usually described as 
lying along the general direction of the ascus axis. In Pyronenia, 
according to Claussen (4), and in Phyllactinia, according to Harper 
(11), one of the two spindles of the second division may be transverse. 
As a general rule when an ascus is long and narrow "the four nuclei, 
following a second division, lie in a row on the long axis of the ascus. 
The two nuclei in each end of the axis of the ascus would then be 
sister nuclei. The disposition of the four nuclei must depend largely 
on how much of the cytoplasm of the axis is differentiated into spore 
plasm. Jolivette (16) says that if a transverse section of the ascus 
were made after the second division in Oeoglossum glahrum , the four 
nuclei would be seen in the same plane. In a longitudinal section 
two nuclei are seen in one focus and two in the other. The spindles 
of the third division show no tendency to lie in the transverse axis 
of the asci. 

There are a few other reports of the lack of uniformity in the dis¬ 
position of the spindles in the third division. Faull (7, 8) claims 
that all four of the spindles of the third division in Laboulbenia are 
longitudinal. In most other ascomvcetes, however, they are reported 
to be more or less transverse. Komarnitzky (12) and Faull have both 
remarked on the possible connection or bearing which the genetic 
relationship of particular nuclei may have on “dioecism” in the 
Laboulbeniaceae. Their work will be considered further in the 
general discussion. In most ascomvcetes division figures are so 
rarely found that one should not draw conclusions as to the signifi¬ 
cance of the orientation of the spindles in certain cases in which it is 
clear that the author has based his report on only one or two spindles 
which he was fortunate enough to find. 

The first spindle in Verpa bohemica (12) is nearly longitudinal. 
The spore plasm is developed in the upper end of the ascus and all 
of the nuclear divisions occur in this end. Of the two spindles in the 
second division, the upper appears to be transverse, the lower some¬ 
what oblique. The only spindle shown in the third division is nearly 
transversely placed. The evidence presented by Komarnitzky’s 
figures is not conclusive as to the particular nuclei which are con¬ 
cerned in spore formation.^ Two spores are finally cut out and the 
other six nuclei degenerate. Komarnitzky realizes, however, the 
importance of knowing the exact orientation of the spindles during 
the three different divisions in the ascus. 

If po switching or exchange of position of the nuclei takes place 
after their reconstruction, in other words, if one is justified in drawing 
conclusions as to the genetic relationship of particular nuclei from the 
position and orientation of the division figures, then in the “dioe¬ 
cious” forms of the Laboulbeniaceae, segregation of the sex factors 
may very well take place in any one of the three divisions with the 
same result, provided the nuclei take the positions and the spindles 
are oriented as Faull (8) figures for Laboulbenia. In all three divi¬ 
sions the spindles extend lengthwise of the ascus. Faull (8, Jig. 57) 
shows that the four nuclei resulting from the second mitosis lie in 
pairs, two in one end of the ascus and two in the other, comparable 
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to what occurs in Neurospora tetrasperma (pi. 1, I). It will appear in 
due time, however, that one would be led far astray were he to pre¬ 
sume to draw conclusions as to the time of segregation and the sexual 
nature of the eight spores in the heterothallic species N. sitophila 
from what he finds to be true of nuclear behavior in the homothallic 
form N. tetrasperma. 

Full information regarding the early prophase stages as the four 
nuclei of Neurospora tetrasperma go into the third division, has not 
been obtained. This is a critical stage, not only because of its 
bearing on the question as to where segregation takes place, but also 
because further light is desirable as to the nature of the structures 
which always appear as forked appendages at the beaks of the nuclei 
at this time. If these horns represent merely lines of flow, or a mass¬ 
ing due to fixation of astral rays, one would not expect to find such 
regularity in their form and position. They certainly appear more 
like definite organs, in the nature of monstrous central bodies or 
blepharoplasts. 

Harper (11) shows that immediately after the first division the 
two nuclei in Phyllactinia are pear-shaped. He states that they 
always round up, however, before beginning the second division. 
The same thing may take place in the case of the four nucleate 
stage of Neurospora so that the stage shown in Plate 1, I, would 
precede that shown in Plate 1, G. There is much evidence against 
such a view, however. First, the two pairs of nuclei undergoing the 
third division are at opposite ends of the ascus and widely separated. 
There is practically no change of position after the hornlike append¬ 
ages have developed. In the stage shown in Plate 1, G, the nuclei 
are not in the final position for the third division. The beaked 
nuclei in Plate 1,1, may not be fully mature or reorganized, yet they 
are certainly in a resting condition and must so endure for a long 
time^ Such stages are very abundant in the material. If the 
nuclei dispose of the beaks and forked appendages before going into 
the third division, they must do so in a very short space of time. 
With the development of the spindle of the last division, each end 
of it is provided again with a curved spikelike structure which 
extends out to the plasma membrane. After the first division on 
the contrary the two nuclei round up and remain in this condition 
for some time. 

Since the^ factors upon which sexual reproduction in the hetero¬ 
thallic species of Neurospora depends are lodged in two different 
spores and in two different nuclei of the same spore in homothallic 
species, it is essential to a proper understanding of the questions 
involved to determine at what time and in what way the segregation 
of the sex factors takes place. 

Shear and Dodge (18) have reported that in Neurospora crassa 
four spores in an ascus are of one sex and four of the other. Nothing 
is said concerning the position in the ascus of each of the eight 
spores. 

Students of heterothallism of the basidiomycetes, forced to explain 
some of the curious results of their culture work, are assuming that 
two pairs of factors, “sex factors,” control the reactions leading to 
the formation of clamp connections. Newton (15) believes that in 
Coprinus lagopus segregation of one factor may take place in the 
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first division in the basidium and the segregation of the other factor 
in the second division. The writer has not been confronted with 
such complicated situations so far, yet the results obtained by 
crossing Xeurospora sitophila with N. tetrasperma show the need of 
exact knowledge of nuclear behavior through the entire life cycle in 
both species as well as in the different hybrid generations. It will 
be shown in the following diagrams that nuclear behavior in the ascus 
of N . tetrasperma is such that normally totipotent or homothallic 
aseospores will be formed, regardless of whether segregation takes 
place in the first, second, or third division. 

One may take as a type an ascus such as that of Galactinia succosa 
figured by Maire. (13), which shows very diagrammatic ally the posi¬ 
tion of the nuclei and orientation of the spindles generally reported 
for long asci. If segregation of the sex factors takes place in the 
first division, then as indicated in the diagram (fig. 2) the four spores 
in the upper end of the 
ascus must be all alike, 
and all of one sex, and 
the four in the lower 
end must be of the other 
sex. If segregation of 
the sex factors takes 
place in the second divi¬ 
sion in a species the 
spores will alternate in 
pairs, the first two being 
of one sex and the next 
two of the opposite sex. 

With a knowledge of 
conditions in the ascus 
of X , tetrasperma, a brief 
study of nuclear behav¬ 
ior in the ascus of X. 
sitophila has convinced 
the writer that the 
spores of the latter spe¬ 
cies will so alternate in pairs, Should segregation take place in the 
third division, then the four spores in one end of the ascus will 
alternate as regards their sex. So it is clear that with no shifting of 
position of the nuclei, three different pictures will result, depending 
on the place of segregation. 

In Neurospora crassa and X. sitophila, after the second divisions, 
the four nuclei lie in a row in the ascus. In no case has the writer 
found, as previously noted, such a condition in N. tetrasperma. The 
evidence so far discovered indicates that regardless of the position of 
the two nuclei during the second division in the last species such a 
shifting must take place as is necessary to bring the four nuclei info 
the formation shown in Figure 3, E, which is the one picture that 
seems to be very constant in this material (pL 1,1). 

Should segregation take place in the first mitosis in Xeurospora 
tetrasperma the way in which each spore would receive at its origin 
one nucleus of each sex is indicated in Figure 3, A to H. The spindle 
of the first division is always longitudinal. The essential difference 


r\ 





Fig. 2 —Diagram showing nuclear behavior and position of the 
four spores of each sex in a typical long ascus if segregation of the 
sex factors should occur m the first mitosis 
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between this type of nuclear behavior and that shown in Figure 2 
is not in the number of nuclei in the .young spore. In a number of 
ascomycetes with long asci it has been demonstrated, as can be done 
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Fig. 3.—Diagram showing nuclear behavior and method of formation of bisexual spores m Neuro- 
spnra tetrasperma. The position of the spindles m the second mitosis may be parallel to each other 
and oblique to the long axis of the asciis, D, or they may be longitudinal, one in each end of the 
aseus, D" 


easily in case of N. sitopMla and N. crassa, that the two nuclei in 
each end of the ascus are sisters (fig. 2, E). With segregation taking 
place in either the second or third division such an arrangement 
would accord with the ex- 
perimental results obtained f \ 
with N. tetrasperma should ' 
two adjacent nuclei be in¬ 
cluded in the same spore. 

Yet the evidence obtained 
by a study of the shape and 
the position of the four nu¬ 
clei of this species after they 
have come to rest (fig. 3, E) 
indicates that here, as pre¬ 
viously noted, a shifting of 
the nuclei must occur after 
divisions like those shewn in 
Plate 2, D, or Figure 3, D'; 
otherwise fully 50 per cent 
of the asci at this stage 
would show four nuclei in a 
row down the center, which 
certainly is not the case. No such orientation has been found, 
although this would account for the occasional formation of large 
spores which are unisexual. 

With segregation in the second division in N&trospora tetrasperma, 
the spores wul all be bisexual (fig. 4, A to G) no matter in which of 
the two ways (fig. 3, D or fig. 3, D') the spindles of the second mitosis 
are oriented. Occasionally in the case of this species, only one 



Fig. 4.—Diagram of nuclear condition leading to the devel¬ 
opment of bisexual spores in Neurospora tetrasperma, 
should segregation of the sex factors occur in the second 
mitoris, other conditions as in Figure 3 
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nucleus is included in each of certain spores (pi. 3, B). With nuclear 
behavior otherwise the same, such spores would alternate in pairs 
in the ascus, two being of one sex and two of the other. 

Figure 5, A to G, show's how segregation might take place in the 
third division without preventing the formation of bisexual spores. 
Perhaps 1 per cent of the monosporous mycelia from what was judged 
to be either normal spores, or spores -which were oversized, failed to 
develop perithecia. One is forced to find an explanation for this 
apparent failure in such cases to include nuclei of both sexes in 
these spores. A section of an ascus which was taken to be abnormal 
showed what appears to be a pair of nuclei in the second division, 
with spindles transverse, one in the upper, the other in the lower end 
of the ascus. Such abnormal conditions are generally said to be of 
no particular significance, yet these cases may be the very ones to 
account for unusual conditions, such as the development of large 
unisexual spores with two or even more nuclei at their origin. 

The sexual nature of each 
of the eight spores in the 
ascus of Neurospora sito- 
phila has been determined 
culturally by Marguerite 
Wilcox who has assisted 
the writer in the prepara¬ 
tion of slides for this cyto- 
logieal study. Her report 
on this work, together with 
a further account of the 
cytology of the ascus in 
this species, is forthcoming. 

With the cytology of the 
ascus known and the sexual 
nature of each of the spores 
in the ascus of N. tetra- 
sperma and N. sitophila 
worked out culturally, the 
way ^ is cleared for a better interpretation of the results being 
obtained by crossing reciprocally unisexual haplonts of these two 
species. 

SUMMARY 

Neurospora tetrasperma } which is normally homothallie, develops 
asci with four bisexual spores, as contrasted with the heterothallic 
species, N. sitophila , in which the asci are eight spored, and each 
spore is unisexual. The cytological basis for this difference is 
reported. 

In Neurospora tetrasperma 7 the spindle of the first mitosis is longi¬ 
tudinal; the two daughter nuclei separate and come to rest one some¬ 
what above the other in the ascus. 

With respect to the position and orientation of the spindles of the 
second division two types are described. In the first type the spindles 
may lie nearly parallel near the center of the ascus, usually somewhat 
oblique to the long axis, suggesting conjugate division. In the second 
type, the spindles are longitudinal, one in each end of the ascus. 


r\ r\ 




Fig. 5. —Diagram of nuclear condition m an ascus of Neuro¬ 
spora tetra&perma , showing the possibility of the forma¬ 
tion of bisexual spores, should segregation of the sex factors 
occur in the third mitosis, other conditions as in Figure 3 
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Each of the four nuclei is pear shaped and the beak is capped by a 
forked appendage. The nuclei are arranged symmetrically, two 
nonsister nuclei in each end of the ascus. 

The spindles of the third mitosis are nearly transverse. Normally 
two adjacent nonsister nuclei cooperate in the delimitation of each 
ascospore through the development of astral rays from their curved 
beaks. It is shown how, regardless of whether segregation takes 
place in the first, second, or third division, each spore will contain 
one nucleus of each sex. 

Occasionally adjacent nuclei, for some reason, are not entirely 
compatible and fail to cooperate in the cutting out of a spore. Each 
nucleus then acts independently, and as a result uninucleate, uni¬ 
sexual spores, which are comparatively small, are delimited.. Very 
rarely all eight of the nuclei in an ascus cooperate in the delimitation 
of a spore. Such an ascus will contain only a single giant spore at 
maturity. 
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THE TWO MOST COMMON DECAYS OF COTTON BOLLS IN 
THE SOUTHWESTERN STATES 1 

Bv Michael Shapovalov 

Pathologist, Office of Vegetable and Forage Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 2 

INTRODUCTION 

It has been frequently reported from cotton-growing sections of 
the Southwest that immature cotton bolls are subject to a peculiar 
form of disease to which the name “smut” has been commonly 
applied by the growers. The writer has made a survey of cotton 
fields in California and Arizona and in the section of Mexico imme- 
daitely adjoining the Imperial Valley and has obtained a considerable 
number of cultures from affected specimens. These cultures, as well 
as subsequent inoculation tests, both in the field and in the labora¬ 
tory, show very clearly that the disease in question is not a smut. 
Although it is true that in its final phase of development when the 
boll has dried up it bears a slight resemblance to smut, its initial 
stages are plainly those of a soft decay. 

This soft-decay form either was overlooked by the average observer 
or, if noticed, was not correlated with subsequent and more pro¬ 
nounced symptoms. Disease symptoms appear limited to bolls that 
have previously suffered injury by insects or otherwise. 

The writer’s studies have also revealed the fact that in reality 
there occur in the field two forms of the boll decay, both of which 
generally have been knovrn as “smut.” One of these is caused by 
Aspergillus niger Van Tiegh. and the other by RMzopus nigricans 
Ehr. Although on close examination these forms show very distinct 
peculiarities throughout the entire cycles of their development, they 
have nevertheless a certain similarity in their general appearance 
during the fruiting stages of the causal organism. This similarity 
undoubtedly is responsible for the confusion of the two troubles, 
particularly since the decay symptoms formerly had not been 
recognized. 

ASPERGILLUS NIGER 

Although very common on all kinds of decaying vegetable matter, 
the fungus Aspergillus niger has heretofore been associated by 
investigators with only a few diseases of economic plants. Van 
Pelt (10 ) 3 considered it to be responsible for a serious black mold 
of onions in Ohio. Certain laboratory experiments carried on by 
the writer (7) revealed it to be among important potential parasites 
of the potato tuber. The same fungus has been definitely shown by 
Phillips and Smithy (6) to be the cause of the so-called smut of white 
fig varieties in California. 

1 Received for publication April 18,1927; issued October, 1927. 

2 The writer expresses appreciation to W. B. Camp, of the Office of Cotton, Rubber, and other Tropical 
Plants, Bureau of Plant Industry, for the great amount of helpful information given Mm in regard to 
cotton culture in the San Joaquin Valley and the Southwest in general, and to H. G. McKeever, of the 
same office, for invaluable assistance in field observations and the collection of specimens. 

* Reference is made by number (italic) to “Literature cited,” p. 312. 
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The occurrence of Aspergillus niger on cotton bolls was briefly 
reported by the writer (8) in 1925. Aside from the decaying bolls, 
the fungus" was also frequently isolated from young dying squares, 
from discolored pedicels, and from lesions on the bracts. It was 
likewise obtained from stem lesions of young seedlings showing 
symptoms of sore shin. As far as the observations of the last two 
seasons (1925 and 1926) are concerned, the Aspergillus boll decay 
was more frequently observed in the Southwest than the Rhizopus 
decay and was most prevalent in southern portions of California, 
though specimens of it were found also in the San Joaquin Valley, in 
Mexican plantations adjacent to the Imperial Valley, and in Arizona. 

The rot begins as a soft pinkish spot either on the side of the boll 
or somewhere near its base. The hue and the extent of the pink 
discoloration vary more or less, but the discoloration is always present 
and is characteristic of this sort of decay (pi. 1, A). As the lesion 
increases in size, the color of the older decayed area turns from pink 
to brown and the original discoloration remains only in the freshly 
decaying regions—that is, on the border of healthy and diseased 
tissues. If such a boll is cut open through the affected area the same 
pink to purplish and red-brown shades of the invaded tissues will be 
seen (pi. 1, B). The fructification of the fungus begins in relatively 
early stages of decay, but the spores are white or light gray at first, 
darken very rapidly, and in a short time give the diseased bolls a 
“smutty” appearance (pi. 2, B). The fungus is capable of destroying 
all parts of the boll—the capsule, the lint, and the seeds. Cultures of 
the organism have been obtained from all such affected tissues. 
When it is destroyed by the parasite, the entire boll dries up and 
remains closed (pi. 2, A). Frequently, however, the progress of the 
decay is checked, either by unfavorable environmental conditions 
not yet understood, or by the natural development of the boll if it 
is affected when nearly mature. In such cases the bolls open only 
partially, the affected portions remaining closed. The black masses 
of the Aspergillus spores may be seen in abundance both on the 
inside and the outside of the bolls (pi. 2, C and D). 

Artificial inoculations with pure cultures of Aspergillus niger were 
made on growing bolls in the field and in the greenhouse, and on 
picked bolls incubated in moist chambers in the laboratory. The 
percentage of infection was greatest when picked bolls were used 
fresh—as soon as they were brought to the laboratory. Bolls which 
remained in the room for several days before inoculation gave only a 
small percentage of infection, showing that a certain degree of suceu~ 
lency of the tissues is necessary for the most destructive results. 
Atmospheric humidity likewise appears to be essential for the best 
activity of the parasite. This is shown by the fact that the bolls 
growing in the greenhouse were affected more readily than those 
growing in the field. The inoculum was introduced partly by apply¬ 
ing it to wounds made either with a scalpel or with a needle, and 
partly by smearing it on the surface of bolls not injured artificially. 

With but one exception—namely, in the case of a group of unin¬ 
jured inoculated bolls placed in a moist-chamber (see Table 1)— 
positive results were obtained only in those cases in which injured 
bolls were inoculated. One of the bolls placed in the chamber be¬ 
came infected, but proof was lacking that this boll had been brought 
from the field entirely uninjured. This seems to indicate that the 
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Plate 2 



Later stages of cotton-boll decay caused by Aspergillus niger Van Tiegh. 

A. —Bapidly decayed and dried-up boll with a very scanty fructification of the fungus. 

B. ~Boll destroyed by a slower decay with abundant fructification. 

C. and D.—Partially decayed and partially opened bolls (bracts removed to show larger sur¬ 

face of the bolls). 
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fungus is mainly if not exclusively a wound parasite. The decay as 
it naturally occui’s in the field often is associated with visible insect 
wounds, particularly with those made by the bollworm, although in 
many instances such injuries are not apparent. It is possible, how¬ 
ever, that the infection in these cases is associated with some minute 
punctures caused by smaller insects. In the case of the wound in¬ 
oculations, the deca3 r did not always appear on the surface at the 
point of the inoculation, but sometimes developed first within the 
boll and then broke through at a point more or less removed from 
the wound. The time necessary for the appearance of the first 
external signs of the decomposition varied from three to eight days. 

A more detailed account of the inoculation tests and their results 
is given in Table 1. 

Table 1. —Results of inoculating cotton bolls with Aspergillus niger 


Group and kind of 
material used 


Time 
be¬ 
tween 
inocu¬ 
lation 
and 
final 
; exam¬ 
ina¬ 
tion 
(days) 


Inoculated 


Controls 


Injured 
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B :*■?!§ 


Unm- * Tninrpi] L nm ' 
jured I ln]ure,i jured 


ITnin- 


i | £ 
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Remarks 
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Group 1: 

Green picked bolls 
in moist cham¬ 
bers. 


1 11 ! 3 ! 10 ! 0 ; 10 
! 14 1 u , 13 


[ 


I 


15 : 57 ' 55 ! 11 

I ' I 


Tot,alia group-,.!. 82 i 72 I 34 


Group 2: 

Growing bolls in 
the greenhouse. _ 


, ;/ 16 I 4 | 
A 3 i 4 ' 


Total in group. 


Group 3* 

Growing bolls m 
the field. 


Total in group... 
Total in three 
groups. 


o: io 

r 

1 i 12 


10 ! 


32 


10 ! 
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8 j 8 |_ 


1. 
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(D I VO I- 
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/Discoloration characteristic only 
with a few larger lesions. 

One boll decayed completely; three 
bolls decayed mostly in the inte¬ 
rior. 

Most injured inoculations showed 
decay on the third day, the largest 
involving three-fourths of the boll 
and the interior. 

S7.S per cent of the injured bolls inoc¬ 
ulated became affected. 

Typical decay, but not involving 
more than half the boll; part 
visible on the third day and the re¬ 
mainder on the eighth day; unaf¬ 
fected portions split and the fungus 
fruiting appeared on the surface. 


^25~ 

19 ! 25 

0 

25 

0 , 25 

0 

36 

32 5 

0 

17 
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13 

; 

12 , _ 


6 
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0 i 25 
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1 
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100 per cent infection. 

Spots from a fraction of 1 to 2U cm. 

( The extent of decay varied from a 
small spot to more than half the 
boll. 

85.1 per cent of infection 
Average infection with wound inocu¬ 
lations, 87.2 per cent. 


a No injured checks were used. 

b A number of uniniured bolls growing at the same time remained healthy. 


All of the inoculations included in Table 1 were, carried on with 
cultures of Aspergillus niger isolated from decaying cotton bolls. 
In addition, six growing bolls were inoculated with culture No. 1001, 
previously isolated by the writer (7) from a potato tuber, in order 
to ascertain the pathogenicity of this culture to cotton and the 
character of symptoms produced. The inoculations were made with 
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one of the series included in Group 3. All of the six bolls became 
infected and the symptoms were identical with those produced by 
the strains isolated from cotton. The decay developed to the extent 
of one-half of the boll, the fungus fruiting on the diseased part. 
The unaffected portions split open in a typical manner. 

It has been noted that under natural conditions in.the field earlier 
sets of the bolls show the largest percentage of infection. Inasmuch 
as the beginning of the decay is often associated with bollworm in¬ 
juries, the heavier infection in the earlier bolls may readily be ex¬ 
plained by the fact that the bollworm, which is subject to many 
natural enemies, diminishes in numbers as the season progresses. 

RHIZOPUS NIGRICANS 


Unlike Aspergillus niger , Rhizopus nigricans 4 is a well-known 
parasite of many cultivated crops (4), though the cotton plant has 
not been on the list of its hosts until comparatively recently. Its 
association with the sore-shin lesions in Egypt was suspected by 
Balls (l , p. 19) to be more than accidental, although in rather exten¬ 
sive inoculation experiments by Briton-Jones (8, p.. 6-18) positive 
results on young seedlings were obtained only with Rhizoctonia 
solanij whereas Rhizopus nigricans failed to cause any damage. The 
same author ($), however, definitely established the fact that the 
latter fungus causes a decay of bolls in Egypt, gaining entrance 
through insect wounds. A few years later Kirkpatrick (5) published 
a detailed account of his studies of this decay, showing the nature of 
the damage caused and the resulting losses to the growers. 

In the United States this disease may be found in the same locali¬ 
ties of the Southwest in which the Aspergillus rot occurs. However, 
during the seasons of 1925 and 1926 the former appeared to be less 
prevalent than the latter, and could be found in greater abundance 
in the San Joaquin Valley than in sections farther south. 

As far as cotton bolls are concerned Rhizopus nigricans , like 
Aspergillus niger , appears to be principally, if not exclusively, a 
wound parasite. In most cases it was found to be associated clearly 
with the circular holes made by the bollworm. Kirkpatrick (5) 
from his studies of this disease in Egypt arrived at the definite con¬ 
clusion that R. nigricans is strictly a wound parasite, and he described 
several insect agencies responsible for bringing about the infection. 

^ The Rhizopus decay, as it occurs in the Southwest, is quite dis¬ 
tinct through all its stages of development. It lacks entirely the 
pink discoloration characteristic of the Aspergillus decay. The 
affected portions of the capsule are olive green in color and retain 
this uniform discoloration until the decayed parts dry up, at which 
time they become darker. The colored plate accompanying the 
Briton-Jones paper shows a very dark-brown color of the affected 
portions of the capsule, which may be observed in this country only 
at the time when the bolls begin to dry up. 

In the earlier stages of the disease the specimens observed by the 
writer in the United States showed merely a dark-green color of the 
lesions (pi. 1, C), and little, if any, of the brown or reddish shades. 
The discoloration of the interior tissues of a freshly decaying boll 


4 L. L. Harter, of the Office of Vegstable and Forage 
writer’s culture and confirmed its identification. 


Diseases, Bureau of Plant Industry, examined the 



Aug. i 5,1927 Common Decays oj Cotton Bolls in Southwestern States 311 


is not so uniform and homogeneous and varies from steel gray to 
slightly purple, with shades of pink and yellow, the latter shades 
occurring particularly in the seeds (pi. 1, D). 

The fruiting stage of the fungus can also be readily distinguished 
from that of Aspergillus niger . The spore masses are not quite so 
dense as those of the latter organism, and they form a dark-gray 
or blue-gray rather than a sooty-black powdery film over the boll 
(compare pi. 1, A, with pi. 1, C, and pi. 2, B). The progress of the 
decay is somewhat more rapid than that observed in the case of 
Aspergillus, as for example under humid greenhouse conditions. 

With respect to other characteristics, the two diseases are very 
similar. The Rhizopus decay may break through at points other 
than the infection wound and may affect either the entire boll or only 
a part of it. In the latter case the unaffected part may open up and 
the fungus fructification be seen on the inside, much in the manner 
shown for the Aspergillus decay. Moreover, it affects not only the 
capsule but also the immature lint and the seeds, as is clearly evident 
from the illustrations in Plate 1. 

Rhizopus nigricans was isolated by the writer also from discolored 
pedicels, dying small squares, and spots on bracts. It frequently 
occurs on stem lesions of young cotton seedlings showing symptoms 
of sore shin, either alone or in association with other fungi. These 
lesions may be reproduced by means of artificial inoculations with 
pure cultures of the fungus (9), although not so readily as with 
Rhizodonia solani . 

The results obtained by inoculating cotton bolls with Rhizopus 
nigricans are given in Table 2. 

Table 2. —Results of inoculating cotton bolls with Rhizopus nigricans 


Group and kind of 
material used 


Controls 



Remarks 


Group 1: 

Green-picked bolls 
in moist cham¬ 
bers. 


5 12 


11 



91.7 per cent infection in Group 1: 
the outer capsule was destroyed 
first, then the hard membranes were 
attacked, but the fiber seemed to 
remain unaffected. 


Group 2: 

Growing bolls in 
the greenhouse. 


Total in group... 
Group 3: 

Growing bolls in 
the field. 

Total in group... 
Total in three 
groups. 


12 


12 


17 


P)jP) (*) 
h I p) p> 


[Four inoculated bolls decayed com¬ 
pletely, the remainder from one- 
l third to one-half. 

Decay affected from one-third to 
one-half of the boll, breaking out 
on the side opposite the wound. 

10Q per cent infection in Group 2. 


. ITypieal Rhizopus <3 
. j from a portion to eE 

. 54.4 per cent of infecti 
Average infection wit] 
lations, 68.6 per cenl 


« No injured checks were used in these cases. 

* A number of uninjured bolls growing at the same time remained healthy. 
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SUMMARY 

Two forms of decay of cotton bolls, frequently referred to as 
“smut” in their later stages, have been found to occur commonly 
in southwestern United States. 

These diseases are not true smuts and have only a superficial 
resemblance to the smuts. 

One of these forms of decay is caused by Aspergillus niger Van 
Tiegh. and the other by Rhizopus nigricans Ehr. 

The two diseases may be readily distinguished by the discoloration 
of the affected tissues as well as by the character of the fruiting 
stages of the parasites. 

Both organisms readily produced rot of artificially wounded and 
inoculated cotton bolls, but failed to affect uninjured bolls. 

The infection in the field apparently depends on injuries caused 
by various insects, the most noticeable of which are those caused by 
the bollworm. Control measures, therefore, will have to be directed 
chiefly against these insect enemies. 
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A STUDY OF LEAD ARSENATE AND LIME SPRAY 

MIXTURES 1 


By P. A. Van deb Meulejst, Agent, and E. R. Van Leeu wen, Associate Ento¬ 
mologist, Bureau of Entomology, United States Department of Agriculture 

INTRODUCTION 

For several years the addition of slaked lime to lead arsenate 
sprays, for the purpose of decreasing or preventing injury to stone 
fruits, such as peach and plum, has been recommended by the United 
States Department of Agriculture. The chemical reactions which 
may take place in such a mixture have received the attention of at 
least two investigators. Robinson (8 ) 2 suggests that the reaction 
which takes place may be represented by the equation: 

3PbHAs0 4 + Ca (OH) 2 -+Pb 8 (As0 4 ) 2 + CaHAs0 4 + 2H 2 0. 

Campbell (2) on the basis of certain “semiquantitative experiments” 
proposes that “for the purpose of discussion” the reaction may be 
represented by the equation: 

5PbHAs0 4 + 3Ca(OH) 2 -*Pb 4 (PbOH) (As0 4 ) 3 + Ca,(As0 4 )s + 5H 2 0. 

Experiments carried out in the summer of 1925 indicate that 
neither of the above reactions represents completely the change which 
takes place, and it appears desirable, therefore, to give an account 
of this work. 

The first part of the present paper embodies the results obtained in 
laboratory studies of the chemical reactions which may occur in 
mixtures of acid lead arsenate and lime. The second part of the paper 
deals with the effectiveness of the mixture in preventing the arsenical 
injury which results when lead arsenate is used alone in spraying 
peach orchards. 


LABORATORY EXPERIMENTS 

EARLIER INVESTIGATIONS 

The most comprehensive investigations of the arsenates of lead, 
carried out in recent years, are those of C. C. McDonnell and C. M. 
Smith (5) and of McDonnell and Graham (4)- Tartar and Robinson 
(10) and G. E. Smith (9) have also made a study of these compounds. 

If we confine our attention to the compounds which can be prepared 
by precipitation from solution, there are six arsenates of lead to be 
taken into account. Using the nomenclature of McDonnell and 
Smith (5), these are: (1) Monolead ortho arsenate, PbH 4 (As0 4 ) 3 ; 
(2) dilead ortho arsenate, PbHAs0 4 ; (3) trilead ortho arsenate 
Pb 3 (As0 4 ) 2 ; (4) 4, 1, 3,1-lead-hydroxy arsenate (hydroxy mimetite), 


1 Received for publication April 15,1927; issued October, 1927. Contribution No. 27 from the Japanese 
Beetle Laboratory, Riverton, N. J. 
a Reference is made by number (italic) to “Literature cited,” p. 321. 
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Pb 4 (PbOH) (As0 4 ) 3 .H 2 0; (5) 5, 2, 4-lead-hydroxy arsenate, 

Pb 5 (PbOH) 2 (As0 4 ) 4 ; (6) octo-lead arsenate, SPb0.As 2 0 5 .fH 2 0. 

The first of these is obtained only in strongly acid solutions, and 
is therefore not of importance in the present discussion. 

Four arsenates of calcium are described in the literature. These 
are: (1) Primary calcium arsenate, CaH 4 (As0 4 )2; (2) secondary 

calcium arsenate, CaHAs0 4 ; (3) tertiary (normal) calcium arsenate, 
0 a 3 (As0 4 )2; (4) basic calcium arsenate, Cas^sC^OH. 

The first three of these have been recognized for many years. 
The existence of the last one seems to have been suspected by several 
investigators. It has been prepared and studied by Tartar, Wood, 
and Hiner (11). These investigators have obtained evidence that 
an arsenate of calcium more basic than Ca 5 (As 04 ) 3 0 H is not formed 
by the action of calcium hydroxide solution on this compound at 
ordinary temperatures. 

McDonnell, Smith, and Goad (6) studied the effect of atmospheric 
carbon dioxide on commercial calcium arsenate during storage. 
They found that carbonation increased the “water-soluble arsenic 
oxide,” but that when the sample was sufficiently basic, the “soluble 
arsenic oxide” in the completely carbonated samples exceeded 1 per 
cent in only one case. 

On the basis of the work just discussed, it becomes possible to 
state what reactions will probably occur in a mixture of acid lead 
arsenate (PbHAs0 4 ) and a large excess of calcium hydroxide, sus¬ 
pended in water. There will be formed basic calcium arsenate, as a 
result of the decomposition of the acid lead arsenate. The lead 
arsenate will probably go through several stages of basicity, using 
the term in the sense of ratio (Pb0:As 2 0 5 ), and may eventually be 
deprived of all arsenic oxide, leaving one of the hydrates of lead 
oxide as a final product. Assuming, for the moment, that lead 
hydroxide (Pb(OH) 2 ) is the final product we may represent the 
change which takes place, when the reaction goes to completion, as: 

3PbHAs0 4 + 5Ca(OH) 2 —»Ca 5 (As0 4 ) 3 0H+ 3Pb(OH) 2 + 3H 2 0. 

EXPERIMENTS IN 1925 

Action of Calcium Hydroxide on Acid Lead Arsenate 

The lead arsenate used in these experiments was a commercial 
product which was dried at 110° C. to constant weight. Its compo¬ 
sition was found by analysis to be: 

Calcu¬ 
lated for 
Found PbHAs04 

Lead oxide (PbO)-per cent-- 64. 94 64. 30 

Arsenic oxide (As 2 0 5 )---do_ 31. 50 33. 11 

Water (H 2 0) (by difference)___do_ 3. 56 2. 59 

The lead arsenate used was therefore slightly more basic and con¬ 
tained somewhat more water than corresponds to the formula 
PbHAsO,. 

A saturated solution of lime water was prepared from c. p. calcium 
hydroxide, and analyzed, for each series of experiments, by titration 
with N-100 hydrochloric acid solution, using phenolphthalein as 
indicator. 
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Tbe experiment was carried out as follows: A portion of lead 
arsenate was weighed out accurately and placed in a jar provided 
with a glass top and rubber seal, to which was added a definite 
quantity of lime water and freshly distilled water to give the desired 
dilution. The jar was then sealed and placed in a motor-driven 
shaking machine. After shaking at room temperature (about 25° 
C.) for the required time, the contents of the jar were allowed to 
settle (usually over night) and 10 c. c. of the clear liquid was removed 
for titration with N-100 hydrochloric acid. The calcium hydroxide 
remaining in the solution was subtracted from the amount originally 
introduced. It was assumed that this difference gave the amount 
of the calcium hydroxide which had reacted with the lead arsenate. 
In all these experiments the effect of atmospheric carbon dioxide 
was reduced to a minimum by working rapidly and removing the 
tops of the reaction vessels just enough to permit the withdrawal 
of the samples. 

In the first series of experiments the reacting substances were 
brought together and the shaking continued for a sufficiently long 
time to permit the reaction to go to completion. The results are 
summarized in Table 1. 

Table 1. —Action of Ca(OH ) 2 solution on PbHAsO*, after long-continued shaking, 
at room temperature (2o° C.) 


Lead 

arsenate 

used 

j 

Ca(OH) 2 

added 


! 

Total 

volume 

Time of 
shaking 

Ca(OH;a used up 

Ca(OH) 2 

left 

Ca{OH)s ! 
used up 1 

i 

Per gram: p „ r ., m 
of lead , l 

arsenate j ofAS2 ° s 

Grams 

Grams 

Grams 

Gravis 

C.c, 

Hoars 

i 1 1 

, Grams ; Grams 

0.50 

i 0.3180 

0.1440 

0.1740 ; 

200 

! 150 

\ 0-3480 , 1.105 * 

.75 

' .3290 

.0920 

.2370 i 

200 

! 150 

; .3160 1 1.003 1 

2.00 

i 1.4927 

.7945 

.6982 ! 

1,000 

290 

I .3491 j 1.108 

3.00 

| 1.4927 

.5764 

j . 9163 

1,000 

| 290 

.3054 . .969 1 

1 1 


For the production of Ca 5 (As0 4 ) 3 0H, 1 gm. of As 2 0 5 reacts with 
1.072 gm. of Ca(OH) 2 . The other product of the reaction is one of 
the hydrates of lead oxide. 

In two of the jars there was formed a greenish-yellow, flaky sub¬ 
stance. This was separated from the white calcium arsenate by 
stirring, settling, and decantation. The greenish-yellow material, 
being much heavier, settled quickly. A quantity sufficient for analy¬ 
sis was collected and dried in the air. A determination of lead oxide 
in the air-dried sample showed it to contain 96.32 per cent PbO. 
This result corresponds closely to the hydrate 2Pb0.H 2 0 (96.12 per 
cent PbO) which has been described by Luedeking (8). Another 
hydrate, 3PbO.H 2 0, has been described by Pleiszner (7), who obtained 
it by the action of barium hydroxide on warm solutions of lead salts, 
or cold solutions of PbO, The optical properties of the greenish- 
yellow crystals obtained in the writers’ experiments do not agree well 
with those ascribed to the hydrate 2PbO.H 2 0, and the composition 
does not agree with the hydrate 3PbO.H 2 G. 

The results leave no doubt, however, as to the fact that at ordinary 
temperatures the reaction between lead arsenate and calcium hydrox¬ 
ide, if given sufficient time, results in the complete decomposition of 
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the lead arsenate, with the formation of basic calcium arsenate and a 
hydrate of lead oxide. 

Rate of Reaction 

To ascertain to what extent this reaction proceeds in the ordinary 
spraying operation a second series of experiments was undertaken, in 
which weighed quantities of lead arsenate w~ere shaken with known 
quantities of calcium hydroxide for periods of time which were insuf¬ 
ficient for the completion of the reaction. Preliminary experiments 
having shown that the reaction takes place rather slowly, analysis 
of the solution was made at the end of 21 and of 37 hours of shaking. 
The rate of disappearance of calcium hydroxide from the solution 
may be taken as a measure of the rate of the reaction. The results 
are given in Table 2. 

Table 2. —Effect of shaking 1 gram of lead arsenate with 200 c. c. of a solution of 
calcium hydroxide (i temperature about 25° C.) 


[ 

I Quantities of Ca(OH) 2 (m milligrams)— 


Ongi- 

nally 

present 

Used up 
m 0 to 21 
hour 
period 

Used up 
per hour 
in 0 to 

21 hour 
period 

Used up 
in 21 to 
37 hour 
period 

Used up 
per hour 
in 21 to 
37 hour 
period 

110.9 

29.4 ! 

1.40 

32 5 

2 03 

126.7 ! 

1 30.2 j 

1.44 

28.5 

1.78 

129.8 ! 

! 31 0 

1.47 

24.5 

1.53 

133.0 | 

30.2 ! 

1.44 

24.1 

1.50 

136.0 i 

28.8 ! 

1.37 

25.1 

1.57 

142.3 | 

27 8 1 

1.32 

23.0 

1 44 


It is evident that the rate of disapperance of calcium hydroxide 
does not vary greatly with time, and that it is exceedingly slow. 
The complete decomposition! of 1 gm. of the lead arsenate used in 
these experiments requires about 338 mgm. of calcium hydimide. 
The average hourly rate of 1.52 mgm. corresponds to the complete 
decomposition of less than one-half of 1 per cent of the lead arsenate. 

On the basis of these results it seems reasonable to conclude that 
the spray which reaches the foliage consists essentially of unchanged 
lead arsenate particles, possibly altered superficially to basic calcium 
arsenate and either lead arsenate or lead hydroxide, and this is 
mixed with a considerable amount of slaked lime. After such a 
mixture is exposed to the air, yarbonation takes place, so that a 
deposit of the composition mentioned will soon be altered completely 
to a mixture of calcium carbonate, acid lead arsenate, and a small 
amount of basic lead ai'senate, or calcium arsenate. 

Rate of Liberation of “Soluble Arsenic” 

In a final series of experiments the question of whether the action 
of atmospheric carbon dioxide results in any large increase in u soluble 
arsenic ” was taken up. The lead arsenate used in these expeiuments 
was somewhat basic to begin with, and had a low content of “soluble 
arsenic.” If the chemical action of the lime, followed by atmospheric 
action, tended to increase the content of “soluble arsenic” appre¬ 
ciably, this should be readily apparent. 
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In these experiments 2 gm. of lead arsenate were accurately 
weighed, mixed into a paste with water, and then the cooled milk of 
lime resulting from the action of about 40 c. c. of water on 6 gm. of 
quieldime was added. The whole was intimately mixed on a watch 
glass and allowed to evaporate to diyness in the air. As soon as the 
material was dry it was powdered in a mortar and then returned to 
the watch glass, where it was exposed to the air of the laboratory. 
A number of such samples were prepared and a determination of 
“soluble arsenic” by the usual method (1, p. 50) was made at 
intervals of several days. The results are as follows: 


Sample No. 


1 . 

2 

4. 

/>. 

fi. 

7. 

8 . 



Per cent 

! Time of 

of soluble 

exposure 

arsenic. 

j (days) 

expressed 
as AS 2 O 5 

1 1 

0,27 

3 

.44 

1 « 

.CO 

8 

.m 

: 9 

.f® 

' ifi 

.to 

1 23 

.(54 

i IM 

. 65 


Lead arsenate without lime 


.44 


The solutions obtained by treating the above samples with water 
were tested with phenolphthalein to determine whether the lime had 
been completely carbonated. All samples gave an alkaline reaction, 
even the one which had been exposed to the air for 154 days. 

In order to determine what the result would have been, had com¬ 
plete carbonation taken place, two additional experiments were 
carried out. In one of these the water suspension obtained from 
sample No, 8 was rendered just acid to phenolphthalein by bubbling 
carbon dioxide through it. The “soluble arsenic” was then deter¬ 
mined in the usual manner. Since it was very difficult to avoid a 
slight excess of the gas, the second experiment consisted in adding 
11 gms. of c. p. calcium carbonate powder to 2 gms. of the lead 
arsenate and 1 liter of carbon-dioxide-free water. The “soluble 
arsenic” was then determined as before, the results being as follows: 

Per cent soluble arsenic 
expressed as AsaOj 


Sample 8 t acidified with C0 2 gas_ 4.15 

Lead arsenate treated with c. p. CaC0 3 _ 3.15 


The results show that, under the conditions of the experiment, 
carbonation takes place very slowly, and that as long as there is any 
unchanged calcium hydroxide the amount of “soluble arsenic” is 
very low. As soon as all the lime has been converted to carbonate, 
however, there is a large increase in the “soluble arsenic.” 

ORCHARD EXPERIMENTS 

The results of the laboratory work just described would seem to 
indicate that the addition of lime to lead arsenate should be effective 
in preventing injury to peach foliage for a time at least. During the 
period from the time the spray application is made until the calcium 
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oxide, not combined as arsenate, is carbonated, the proportion of the 
<c soLuble arsenic” is low, and a corresponding freedom from, injury 
maybe expected. To determine this point, and also to obtain data 
on t±& efficiency of various spray combinations of acid lead arsenate 
ant slaked lime against the Japanese beetle, a number of experiments 
werc conducted in peach orchards in the vicinity of Riverton, N. J., 
in L 92 3, 1924, 1925, and 1926. 

AJ1 of the orchards used for the experimental work consisted of 
ben ling trees in a healthy condition, with a very good growth of foliage. 
The sprays were delivered by a power sprayer at a pressure of 200 
pounds per square inch. Disc nozzles were used with rods. A 
thorough application was made. In the experiments reported for 
192*3, 1924, and 1926 the lead arsenate and lime were used in con- 
nec tion with orchard control measures against the Japanese beetle. 
The lead arsenate and lime were commercial products and no chemical 
analyses were made of their composition. In 1925, however, a special 
study w r as made of the effect of lime and lead arsenate mixtures on 
peach trees, and chemical analyses w r ere made of the lime and lead 
arsenate used during that year. 

Observations were made at intervals throughout the summer for 
injury to the fruit, foliage, and ■wood. The injury, expressed in 
percentage, is an estimate of the area injured as compared with the 
rest of the tree. The characteristics of arsenic injury were definite 
in every instance in which record was made as to the extent of injury. 

TThe experiments made and the results obtained each year are given 
"beLov. 

EXPERIMENTS PERFORMED IN 1923 

'Tke orchard selected for these experiments consisted of the Ro¬ 
chester variety of peaches. Twenty-five trees were selected for each 
plot and these plots w r ere sprayed June 29. The treatment of the 
plots was as follows: 

Plot 1. Lead arsenate, 3 pounds; water, 50 gallons. 

Plot 2. Lead arsenate, 2 pounds; water, 50 gallons. 

Plot 3. Lead arsenate, 1 pound; water, 50 gallons. 

Plot 4. Lead arsenate, 3 pounds; lime, 3 pounds; water, 50 gallons. 

Plot 5. Lead arsenate, 2 pounds; lime, 3 pounds; water, 50 gallons. 

Plot 6. Lead arsenate, 1 pound; lime, 3 pounds; w r ater, 50 gallons. 

Plot 7. Control, lime, 3 pounds; water, 50 gallons. 

Plot 8. Control unsprayed. 


Results 

Observations w T ere made throughout the summer for fruit, wood, 
arad foliage injury, the final results being recorded September 26. 
At) this time heavy deposits of spray residue remained on the fruit 
armd with the exception of plot 1 no foliage, fruit, or wood injury was 
evident. Plot 1, which had been treated with 3 pounds of lead 
arsenate to 50 gallons of water, showed foliage injury to the extent of 
approximately 10 per cent. Aside from this, the trees in all of the 
plots were vigorous and of good color. 
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EXPERIMENTS PERFORMED IN 1924 

The orchard selected consisted of the following varieties: Hiley 
Belle, Carman, Old Nixom, and Elberta. The plots consisted of 
trees of each variety. The treatments were applied June 12, as 
follows: 

Plot 1. Lead arsenate, 1*4 pounds; lime, 3 pounds; water, 50 gallons. 

Plot 2. Lead arsenate, 1*4 pounds; water, 50 gallons. 

Plot 3. Control, unspraved. 

Plot 4. Lead arsenate, 2 pounds; lime, 3 pounds; water, 50 gallons. 

Plot 5. Lead arsenate, 2 pounds; water, 50 gallons. 

Plot 6. Control, unspraved. 

Plot 7. Lead arsenate, i pound; lime, 3 pounds; water, 50 gallons. 

Plot 8. Lead arsenate, 1 pound; water, 50 gallons. 

Plot 9. Control, unsprayed. 

Plot 10. Lead arsenate, *4 pound; lime, 3 pounds; water, 50 gallons. 

Plot 11. Lead arsenate, 14 pound; water, 50 gallons. 

Results 

Observations were made at various periods during the season, 
final results being recorded August 31. Plot 2, treated with lead 
arsenate 1}4, pounds, water 50 gallons, and plot 5 treated with lead 
arsenate 2 pounds, w r ater 50 gallons, showed foliage injury to the 
extent of 10 per cent, and slight wood and fruit injury. All other 
plots were free from arsenical injury. Thus it is shown that the 
lime added to lead arsenate prevented injury to the foliage in plots 
1 and 4. 

EXPERIMENTS PERFORMED IN 1925 

A 4-year-old peach orchard, planted especially for experimental 
work by the Japanese Beetle Laboratory, in 1921, consisting of 
Carman, Hiley Belle, Georgia Bell, and Elberta, was selected. 
Stone lime 4 from three different manufacturers was used. Three 
applications of lead arsenate and lime w'ere made May 12, June 12, 
and July 13, respectively, as follows: 

Plot 1. Lead arsenate, 1*4 pounds; lime from Bellefonte, Pa., 3 pounds; 
water, 50 gallons. 

Plot 2. Lead arsenate 1*4 pounds; lime from Norristown, Pa., 3 pounds; 
water, 50 gallons. 

Plot 3. Lead arsenate, 1*4 pounds; lime from Sherwood, Tenn., 3 pounds; 
water, 50 gallons. 

Plot 4. Lead arsenate, 1*4 pounds; water, 50 gaUons. 

Plot 5. Control, unsprayed. 

The composition of the lime used in these experiments is as follows: 5 



Lime from 

Lime from 

Lime from 


Bellefonte 

Norristown 

Sherwood 


Per cent 

Per cent 

Per cent 

SiOs ____-..... 

0. 72 1 

0.29 

0.43 

AI2O3, FeaCb....... . 

.61 | 

.59 

2.50 

CaO......1 

95.37 i 

97.07 

55.46 

MgO.....— 

.24 i 

.26 

35.18 

Loss on ignition.... 

2.48 | 

i 

1.13 

6.49 


* The authors are indebted to G. J. Fink, chemical director of the National Lime Association, 'Washing¬ 
ton, D. C., through whose courtesy the lime was furnished. 

* The composition of the lead arsenate used is given on page 2, 
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Results 

The results from the applications of sprays were very definite. 
Although a treatment consisting of threeapplications of lead arsenate 
at the rate of 1pounds to 50 gallons of water is somewhat in excess 
of the usual recommendations, the writers used this in order to be 
sure that the effect upon the trees of adding the lime to the lead arse¬ 
nate would be pronounced. The trees in plot 4, which had been 
treated with 1}4 pounds of lead arsenate to 50 gallons of water, were 
90 per cent defoliated xlugust 31, when the final results were recorded. 
The wood on these trees was so severely injured that only 2 trees of 
the 24 in the plot were living in 1926. The foliage in plot 3 was 
injured 5 per cent. All other plots were free from arsenical injury. 
Apparently a lime high in magnesia is as satisfactory for this purpose 
as one low in magnesia. 

EXPERIMENTS PERFORMED IN 1926 

The same orchard that was used in 1924 was again used in 1926 
for conducting these studies. Four'plots were used to determine 
the effect on the foliage of adding lime to lead arsenate, and the 
treatment was as follows: 

Plot 1. Lead arsenate, l}4 pounds; lime, 3 pounds; water, 50 gallons. 

Plot 2. Lead arsenate, 1}4 pounds; lime, 6 pounds; waiter, 50 gallons. 

Plot 3. Lead arsenate, lf4 pounds; water, 50 gallons. 

Plot 4. Control, unsprayed. 


Results 

In plot 3, where lead arsenate had been applied without the lime, 
10 per cent injury resulted to the foliage, whereas no foliage injury 
resulted in the plots treated with the lime and the lead arsenate. 
The results are similar to the results from experiments conducted 
during previous years, as described above. 

The influence of the weather conditions on the physical and chem¬ 
ical action of the lime and lead arsenate mixture is not considered 
Here, but will be discussed in another paper. 

SUMMARY 

The action of a solution of calcium hydroxide on acid lead arsenate 
has been studied in the laboratory. 

Under the conditions of the experiments, long-continued action of 
an excess of calcium hydroxide on acid lead arsenate resulted in 
decomposition of the lead arsenate, with the formation of basic 
calcium arsenate and a hydrate of lead oxide. 

The reaction takes place slowly, and, under the conditions usually 
met with in spraying operations, probably less than 1 per cent of the 
acid lead arsenate is decomposed. 

The action of carbon dioxide of the air on the mixture of calcium 
hydroxide and lead arsenate does not produce an appreciable increase 
in “soluble arsenic” until after all the lime has been carbonated. 
Thereafter the amount of “soluble arsenic” increases very materially. 
In the particular case studied, the increase was from 0.65 per cent to 
3.15 per cent of As 2 0 5 . 
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Orchard experiments with lead arsenate, with and without the 
addition of slaked lime, have been conducted during the seasons 
of 1923 to 1926, inclusive, at Riverton, N. J. 

It is definitely shown that slaked lime added to lead arsenate 
prevents peach foliage injury by “soluble arsenic.” In one series 
of experiments, in which a lime high in magnesia was used, no injury 
resulted. 

There is a practical advantage in combining 3 pounds of slaked 
lime with 1}^ pounds of acid lead arsenate in 50 gallons of water. 
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THE PINE TIP MOTH IN THE NEBRASKA NATIONAL 

FOREST 1 


Bv Samuel A. Graham, Agent , and Lynn G. Baumhofer, Junior Entomologist , 

Forest Insect Investigations , Bureau of Entomology , United States Department of 

Agriculture 

INTRODUCTION 

The old adage to the effect that hindsight is clearer than fore¬ 
sight applies in forestry as in every other line. If this were not true, 
the pine tip moth would probably not now be engaging our attention 
as a pest in the Nebraska National Forest. If the pioneer workers 
had seen as clearly into the future as we see into the past, forest- 
pulled planting stock would never have been collected in distant 
localities for planting in Nebraska. All the trees used in establishing 
forest growth in the treeless sand-hill region would have been grown 
from seed, the introduction of the pine tip moth, Rhyacionia ( Eretria) 
frustrana (Comstock), var. hushnelli Busck, into the Bessey planta¬ 
tions would probably have been avoided, and one of the most serious 
problems in connection with the growing of trees in the Nebraska 
National Forest might never have arisen. 

Perhaps this is too strong a statement in view of the fact that there 
is no definite record of exactly when and in what manner the tip 
moth reached the Nebraska plantations, but the weight of evidence 
points strongly toward the probability of its introduction with 
planting stock shipped in from other localities. Several facts support 
this assumption. It is known that this insect never voluntarily takes 
wing even during moderately strong winds and that when it does fly 
it stays close to the ground, where it can quickly reach shelter. 
Inasmuch as this habit reduces to a minimum the chance that the 
moth might have been blown into the plantations by high winds, it 
is unlikely that the moth could have traveled successfully the dis¬ 
tance of 50 or 60 miles from the native pine. On the other hand, 
it is known that forest-pulled jack pine from Minnesota and possibly 
from other Lake States, and western yellow pine from the Black 
Hills, where the tip moth is a common but not a serious pest, were 
used in some of the earlier plantings in Nebraska. The assumption 
that the insect was introduced with some of these trees, either as 
eggs, larvae, or pupae, therefore appears to be justified. 

The tip moth appeared in the plantations at Halsey, Nebr., in 
sufficient numbers to attract attention in the year 1909. Since that 
time it has found its way into practically all the privately owned 
plantations in the Kinkaid district. Presumably the insect has been 
distributed to these plantations in nursery stock from the Bessey 
nursery, at Halsey. 

Each year since 1909 the moth has increased in importance in the 
plantations. It is responsible for killing some trees by repeated 
injury year after year, and has retarded growth in the other trees. 
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Some trees are barely holding their own against the attack of the 
pest, while others have been able to make some growth in spite of it. 

This is quite a different situation from that existing in most other 
localities where the tip moth is found. Usually, except in the South 
where several generations probably occur, the insect is of little 
economic consequence. Occasionally, however, it becomes epidemic, 
as in the instance on Nantucket Island reported by Scudder in 1876. 2 
From his description it may be concluded that the pest was exceed¬ 
ingly abundant at that time. He states that nearly every new shoot 
on the infested trees examined had been mined and killed. Since 
1876 local outbreaks of a sporadic nature have occurred from time 
to time in the New England and Atlantic States, but none have been 
so extensive or serious as the one first described. In fact, aside 
from this one instance, the pest has attracted little attention. Dur¬ 
ing 1925, however, the moth became abundant on Cape Cod, and 
another outbreak comparable in proportion and severity to the Nan¬ 
tucket epidemic is now under way. 

The tip moth is present generally throughout the Lake States 
and the Black Hills, but it has never become sufficiently numerous to 
attract much attention. Its favorite host in the Lake States is jack 
pine, Pinus banksiana (divaricata ), and in the Black Hills western 
yellow pine, Pinus ponderosa . Throughout the South and West the 
pest is also widely distributed and is injurious to young hard pines in 
the large seedling and small sapling stages, but seldom seriously injures 
trees beyond the sapling stage. 

Throughout its range the pine tip moth is characterized by its 
sporadic outbreaks. One year it will be abundant in certain groves, 
and perhaps the next year these groves will be almost free from attack, 
while others in the same general locality will be infested. Even the 
historic Nantucket outbreak was more or less sporadic in character, 
inasmuch as the insect was unusually abundant for only a few years 
and then returned to normal numbers. The factors involved in 
bringing about these fluctuations are not known. Perhaps the 
fluctuations are due to variations in the weather, or to fluctuations 
in the number of the natural enemies of the tip moth, or more probably 
to a combination of these and other factors. 

Why this insect, which normally occurs in such small numbers as 
to be comparatively unimportant, should be injurious year after 
year in Nebraska is not clear. Presumably it is due to the fact that 
some of the environmental factors that hold the pest in check in the 
native pine forests are lacking in the Nebraska environment. But 
what these factors are and how they affect the insect are not fully 
known. It is hoped that further investigations may throw more 
light on these phases of the problem and that these investigations 
may lead to the development of effective and economical control. 

PREVIOUS INVESTIGATIONS 

The tip moth has been under intermittent investigation in Nebraska 
since 1909, when the forest supervisor of the Nebraska National 
Forest reported its presence to the State entomologist and to the 
Bureau of Entomology of the United States Department of Agri- 

SSeUDDER, S. H. THE PINE MOTH OF NANTUCKET—RETINIA FRUSTRANA. 20 p., illuS, Boston, 1883. 
(Mass. Soc. Prom, Agr. Pub.) 1 
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culture. In the succeeding years up to 1912 observations on the 
insect were made by representatives of the State entomologist of 
Nebraska. Much progress was accomplished in studying the biology 
of the pest. At the end of the season of 1912 the State discontinued 
the active prosecution of the project. Unfortunately, the results of 
this work have never been published. 3 No further work was done on 
this problem until in 1923 the pest was again called to the attention 
of entomologists by the United States Forest Service. This time 
representatives of the Bureau of Entomology, United States Depart¬ 
ment of Agriculture, undertook the investigation in cooperation with 
the Forest Service. A preliminary survey of the problem was made 
in 1924. In April, 1925, intensive work on the problem was insti¬ 
tuted. The work of the past two seasons has given a fairly complete 
knowledge of the life history of this pest, and it is the purpose of 
this paper to present the life history of the tip moth and the present 
status of the problem. This paper is the product of the above- 
mentioned cooperative arrangement with the Forest Service. 
Further investigations concerning the ecology and control of the tip 
moth are now under way. 

CHARACTER OF INJURY AND SUSCEPTIBILITY OF SPECIES 

The pine tip moth mines and kills the expanding buds and the new 
growth of almost all of the two or three needled pines. It is obvious 
that when this type of injury is severe the growth of the trees will 
be much checked. If heavy injury of this sort occurs year after year 
on the same trees, the result will be a stooling of the tips, which will 
produce a dwarfed and deformed tree. This causes, during the large 
seedling and small sapling period, a very material reduction in the 
rate of height growth of the forest. Injury of this kind seldom 
results in the death of a tree, although in some cases, when practically 
all of the tips have been destroyed year after year, trees occasionally 
have been killed. 

All species of pines in the plantations do not appear to be equally 
susceptible to this pest. Western yellow pine, Finns ponderosa , is 
the most severely injured. Norway pine, Pinus resinosaj jack pine, 
Pinus banlcsiana (divaricata ), Scotch pine, Pinus sylvestris, and 
Austrian pine, Pinus nigra (<auMriaca ), follow in order of susceptibility, 
judging from counts made in 1925 and 1926, which are shown in 
Table 1 and represented graphically in Figure 1. 


Table 1 . —Damage done by the pine tip moth to different species of pine 


Species of pme 

Number 

Percentage of ter¬ 
minal tips injured 

Percentage of lateral 
tips injured 


of trees 

1925 

1925 

1925 

1926 

Western yellow.-.. 

Norway... 

2C0 

2 t0 

65.5 

97 

96 

45.5 

71.0 

64.4 

Jack.:. 

2 C0 

54.5 

SO 

8.0 

18.2 

Scotch. 

100 

38.0 

62 

9.4 

15,3 

Austrian.-. 

100 

. 

3 


3,8 


s The authors are indebted to Myron H. Swenk, State entomologist of Nebraska, for his courtesy in 
permitting the examination of the notes in his files concerning this insect. At his request, none of the 
data contained therein have been used in this paper, but a knowledge of the work that had already been 
done was of considerable assistance in the early stages of the present investigation. 
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The data in Table 1 are comparable, inasmuch as the trees are all 
of a highly susceptible size and age. Each year’s counts were made 
on the same plots. The injury to the tips varied from a hollowing 
of the buds to a mining of the entire new growth. 

If it were not for the fact that from the silvicultural point of view 
the western yellow pine is the tree best suited for sand-hill planting, 
a substitution of the apparently more resistant Scotch and Austrian 
pines might well form the basis for tip-moth control; but because of 
the desirable characteristics of the yellow pine for this sand-hill 
region, the preservation of that species isto be desired. 

Not only does the amount of tip-moth injury vary with the species 
of pine, but it also varies with the size of the tree. During the first 



PINE PINE PINE PINE PINE 

I'm. 1.—Comparison of percentages of terminal tips injured in different species of pine in 1925 and 
1926 by Bhyacioma frustrana bushnelli 

few years after the trees are set out in the plantations very few of 
them are attacked. This may be because the moths spread slowly 
from the old plantations into the new ones, or, what seems more 
probable, because small trees during the first few years are protected 
more or less by the growth of grass surrounding them. After the 
trees get above the grass, they become subject to attack and remain 
highly susceptible until they reach a height of 8 to 9 feet, after which 
they become less and less susceptible as they increase in heigh6. 
The taller the trees become, the less likely is the terminal bud of the 
leading shoot to be destroyed. On the tallest trees in the planta¬ 
tion the greatest injury is done to the lower parts of the trees, whereas 
the smaller trees are just as likely to have the leading shoot destroyed 
as to have the laterals attacked. 
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SEASONAL HISTORY AND HABITS 

Taxonomic ally the tip moth found in Nebraska is considered to 
be a geographic variety of the Nantucket pine tip moth, since it 
does not diverge sufficiently from the eastern form to justify its 
separation as a distinct species. There are, however, biologic 
differences, one of which is very striking. The outstanding differ¬ 
ence is in the winter habits of the two forms. The eastern variety 
passes the winter in the pupal stage within the injured pine tips. 
The Nebraska form, on the other hand, winters as a pupa in the soil 
beneath the trees. This habit is also characteristic of the tip moth 
in Minnesota and in the Black Hills. 

The moths emerge in early spring, the date of emergence varying 
from year to year, depending upon the weather. Emergence usually 
begins early in April and lasts for several w-eeks. The moths remain 
active in the plantations until the middle of May or the first of June. 
They are not rapid fliers and have never been observed flying high 
above the ground. They spend a large part of their time hidden 
among the needles of the pine trees, and although they may be very 
abundant it is unusual to observe many in flight at any one time dur¬ 
ing the day. About dusk, how r ever, on still, w r arm evenings a general 
flight may occur. The moths are seldom observed in voluntary 
flight in cool or wfindy weather. So far as known they do not fly 
at night, or if they do fly at that time, they do not appear to be 
attracted to light. During the flight period the moths can be shaken 
from almost any tree; as many as a dozen or more moths can some¬ 
times be shaken from a single small tree. When they are forced to 
fly under conditions in vffiich they w r ould not voluntarily take wung, 
they seek the nearest shelter either by flying into a near-by tree or 
by dropping to the ground. On the ground they often feign death. 
When at rest on the tree they are very inconspicuous, because their 
color and shape blend almost perfectly with their surroundings. 
One of these moths when at rest may easily be mistaken for a bit of 
dead needle or brow r n bark. Because of these characteristics they 
are difficult to observe. 

Shortly after the moths emerge oviposition begins. The eggs are 
about one-half millimeter in diameter, circular in shape, flattened, 
and light yellow in color. They are usually laid singly, but occasion¬ 
ally in groups of tw T o or three. They are deposited either on the 
needles, the leaf sheaths, the buds, the bud wscales, or the tips; the 
usual place, however, is on the inner side of a needle. Their size, 
form, and color wmuld tend to make them inconspicuous, and when 
it is considered that they are deposited singly it is easy to understand 
w r hy it is difficult to find them in the field. Oviposition takes place 
either during the night or early evening. The number of eggs 
which a moth is capable of laying w r as not determined in the field. 
In the laboratory, however, as many as 65 eggs were deposited by a 
single female, in nature this number might be increased materially. 
In the laboratory a single moth continued to oviposit throughout a 
period of one week. The period during which eggs may be found 
in the field extends from early April into June. 

The period of incubation undoubtedly varies considerably, depend¬ 
ing upon the weather. During the spring of 1925 the moths had been 
active and ovipositing for 40 days before the first larva was found in 
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the field. This would indicate a rather long period of incubation 
during the cool weather that is characteristic of the spring months. 
In the laboratory, where the temperature varied from 60° F. at night 
to slightly above 70° F. during the day, the period of incubation was 
fromlo days to 2 weeks. The summer brood had a very much shorter 
period of incubation. At that time the temperature in the laboratory 
ran between 80° and 90° F. in the daytime and around 70° at night, 
and the period of incubation varied between 6 and 10 days. 

As incubation proceeds the appearance of the eggs changes some¬ 
what. Toward the end of the period the developing embryo may be 
clearly distinguished through the transparent shell. The eggs are 
attacked by at least one parasite. The parasitized eggs appear black 
and opaque instead of yellow. In hatching, the larva breaks through 
the shell and leaves a rough, irregular opening. In contrast to this 
an eggshell from which a parasite has emerged can be easily dis¬ 
tinguished by the regularly shaped, circular opening through the shell 
that the adult parasite cuts when it emerges. 

When the larvae hatch they are very tiny, about a millimeter 
and a half in length, with a yellowish-colored body and a black head 
broader than the body. Their color changes very little throughout 
the larval period. In the laboratory these young larvae may survive 
for 24 hours or more without food. Thus, after hatching, a larva 
has ample time to find a suitable location for its feeding activities. 
The young larva soon after hatching spins over the spot where it is 
feeding a thin protective web, which it coats with resin. This web 
is always located on a new tip, usually at the base of a needle or the 
base of a bud. Sometimes the larva works on the surface of the stem 
beneath its web, whereas in other instances the newly hatched larva 
may tunnel into the base of a needle fascicle and there feed for a short 
period. Later it burrows either into a bud or into the succulent 
growth of a new tip. Here it continues to mine until it has completed 
its development. The web mentioned above may be extended around 
the base of the bud or along the base of several needle clusters as the 
larva increases in size. Much of the frass produced during the devel¬ 
opmental stage is cast out of the burrow. Thus the opening is kept 
clear so that the larva can pass in and out freely. 

The larvae, so far as observed, always remain either in their tunnels 
or beneath the protecting web at the opening of the tunnel. When 
driven from their burrows, however, they may drop by a silken 
thread. This is particularly true of young larvae. When placed on 
a new tip or when the web covering is destroyed, the larva very soon 
spins a new web above itself. 

Because of the mechanical difficulties involved in observing indi¬ 
vidual larvae throughout their developmental period, it was found 
impossible to observe directly the number of instars through which 
this insect passes. By measurement of the head capsule of larvae of 
all sizes collected in the field, however, it was found that they fall into 
six groups, each of which probably represents an instar. These data, 
however, were not as conclusive as might be desired because of the 
intergrading of the groups. There is considerable variation in the 
size of the head capsule even in the same instar. This is probably 
due to variations in the abundance or kind of food. 

Under the most favorable conditions the length of the larval stage 
appears to be not less than three weeks. This period may be length- 
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ened under more adverse conditions. The larvae of the first genera¬ 
tion may be found in the field from the middle of May to the first 
part of July. When fully developed, each larva of the spring genera¬ 
tion spins a light silken cocoon inside its burrow and there passes 
through the pupal stage. On the basis of both laboratory and field 
observations, the pupal period required two weeks during the season 
1925. In 1926, however, in the laboratory 14 to 19 days were required 
for the pupal period. Pupae of the first generation may be found in 
the field during the latter two-thirds of June and into July. 

Adults of the summer generation begin to emerge during the 
latter part of June. The period of flight of this generation is com¬ 
paratively short and lasts less than a month. These moths apparently 
lay eggs very soon after emergence. 

Owing to greater abundance, the summer generation causes much 
greater injury to the trees than the spring generation. The habits 
of the larvae, however, are practically the same. They may be 
observed in the field throughout the greater part of July and August. 
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Fig. 2 —Seasonal history of Hhyacionia frustram bushneUi in Nebraska: Solid ovals represent pupal 
stage; plus signs, adult stage; small circles, egg stage; broken lines, larval stage 


Cocooning commences with the oldest larvae about August 10 to 15, 
and by the end of August all of the larvae have spun cocoons. As 
has been pointed out before, the cocoons of the second generation are 
not spun in the tips, as is the case with the spring generation, but 
the larvae, when full grown, drop to the ground, and in the litter 
under the trees or just beneath the surface of the sand spin their thin 
cocoons and transform to pupae. The cocoons spun by the summer 
generation in the sand seem somewhat heavier than those spun in the 
tips by the first-brood larvae. This difference, however, may be more 
apparent than real, because the larvae in spinning the cocoons 
work in with the threads of silk grains of fine sand. This tends to 
weight the cocoons and makes them appear heavier than they really 
are. This mixing of sand with the cocoon makes them much less 
conspicuous than they would otherwise be, and as a result the cocoons, 
although abundant, are difficult to find. 

Figure 2 illustrates graphically the seasonal history of the tip moth 
in Nebraska. Figure 3 gives a general idea of the appearance of 
various stages of the pine tip moth. 
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In the eastern part of the United States the tip moth also has two 
generations, but in the Black Hills and in Minnesota only one genera¬ 
tion occurs. In both of the latter localities the larvae, after complet¬ 
ing their growth, drop to the ground and there spin their cocoons. 
In the South it is quite possible that more than two generations may 
occur. 



Fig. S.—Rhyaciomafrustrana busftnelli: First row (at top), cocoons spun loose in the sand and attached 
to litter; second row, empty pupal skins, two protruding from cocoons; third row, moths with 
wings spread and with wings folded; fourth row, four full-grown larvae, and two pupae (in center) 


PARASITES OF THE PINE TIP MOTH NOW PRESENT IN THE 

PLANTATIONS 

When this investigation of the. tip moth in the Bessey plantations 
was first undertaken it was suspected that one of the reasons for the 
unusual destructiveness of this pest in Nebraska was the absence of 
its natural enemies in that region. It is possible that this is true 
and that the most effective enemies are absent, but observations 
have shown that at least some parasites are working upon this pest 
in the plantations. 

. At the time of the introduction of the tip moth a few of its para¬ 
sites may have been brought in with it, some may have been acci- 
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dentally blown into the area, and some of the general feeders, native 
of the region, may have adopted the tip moth as a host. At least 
16 species of parasites have been reared from the tip-moth larvae 
in the Bessey plantations. Of these, 6 are Ichneumonidae, 3 Bra- 
conidae, 5 Chalcidoidea, 1 Bethylidae, and 1 Tachinidae. Two 
chalcidoid species are the most numerous local parasites. One of 
these is a member of the genus Eurytoma; the other belongs to 
the genus Haltichella. Next in abundance are two species of the 
genus Microbracon. In addition to these parasites of the larva, 
there is at least one undetermined species of egg parasite, a member 
of the ^ Chalcidoidea, A list of these parasites that have been 
determined is as follows: 

Bethylidae: 

Goniozus longiceps Kief. 

Ichneumonidae: 

Pristomerus, n. sp. 

Cremastus epagoges Cush. 

Cremast us sp. 

Atrometus sp. 

Epiurus aplopappi Ashm. 

Itoplectis conquisitor Say. 

Braconidae: 

Microbracon gelechiae Ashm. 

Microbracon mellitor Say. 

Microbracon variabilis Prov. 

In 1925 infested tips of jack pine and western yellow pine were 
collected and the moths and parasites were allowed to emerge in 
the laboratory. In 1926 rearings were made from Norway pine 
and Scotch pine also. Tables 2 and 3 summarize the results of these 
rearing experiments. 

Table 2. —Rearings of tip-moth parasites from local pine tips (spring generation, 

1925) 


Chalcidoidea: 

Eurytoma tylodermatis Ashm. 
Elasmus setosiscutellatus Cwfd. 
Perilampus ckrysopae Cwfd. 
Habrocytus sp. 

Haltichella , n. sp. 

Tachinidae: 

At least one unidentified species. 


Tree species 

X umber ] 
of tips 

Number X ™ ber 
of moths parasites 

Approxi¬ 
mate per- 
; eentage 
of para¬ 
sitism 

Western yellow pine._. 

600 

542 68 

11 

Jack pine._. 

200 

110 66 

88 



From Table 2 it w T ill be seen that the average percentage of 
parasitism based on the total rearings from yellow pine in 1925 was 
11 per cent, w T hile in jack pine it amounted to 38 per cent. 


Table 3. —Rearings of tip-moth parasites from local pine tips (spring generation, 

1926) 


Tree species 

Number 
of tips 

Number 
of moths 

Number 

of 

parasites 

Approxi¬ 
mate per¬ 
centage 
of para¬ 
sitism 

Western yellow pine. 

! 3,500 

3,147 

I 

346 

10 

Jack pine. 

800 

168 

55 

25 

Norway pine._.... 

1 100 

48 

23 

21 

Scotch pine... 

i 600 

! 

161 

72 

31 
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Table 3 gives a similar comparison of the 1926 rearing of spring- 
generation parasites. It will be noted that the percentage of para¬ 
sitism was lower than in 1925 but that the excess in jack pine over 
that in western yellow pine remains in approximately the same ratio. 
Scotch pine has an even higher percentage of parasitized larvae. It is 
possible that the higher percentage of parasitization in jack and Scotch 
pine may explain in part the relative resistance of these trees to tip- 
moth injury. The reason for the difference in percentage of para¬ 
sitism in jack, Scotch, and yellow pines is not entirely clear, but it is 
possible that the explanation may be found in the comparative size 
of the tips of these trees. The slender twigs and small buds of the 
jack and Scotch pines provide less effective shelter for the tip-moth 
larvae than the heavy, large-budded yellow pine, in which they may 
be burrowed so deeply that the small parasites can not reach them. 
This does not, however, account for the comparatively high percentage 
of parasitized larvae in Norway pine, inasmuch as this species has 
fairly heavy tips. It should be noted, however, in this connection 
that the data for Norway pine are based upon records from only 100 
tips, whereas 600 tips was the smallest number of other species used. 
Thus the probable observational error in the case of Norway pine is 
somewhat higher than with the other species. A larger series of 
observations might change the percentage of parasitized laiwae 
somewhat. 

In addition to the parasitic insects that are present in the planta¬ 
tions, there are other agencies that tend to reduce the tip-moth 
numbers. One species of Cleridae, Hydnocera pubescens Lee., has 
been reared from tip-moth material, and it is possible that still other 
predacious beetles prey upon the tip moth. Ants have been observed 
to pick up the full-grown tip-moth larvae that have dropped to the 
ground for cocooning and carry them away to their nest, presumably 
for food. Spiders are also known to feed upon the adult moths and 
upon larvae that have accidentally fallen into the spider webs. 

Arboreal birds are finding their way into the plantations, and some 
of them are doubtless finding in the tip moth a source of food. In 
fact, it it is not at all uncommon to find injured tips apparently 
opened by birds and the larvae gone, although no bird has been 
observed in the act of opening these tips. Birds may become 
increasingly important as predators. 

Work on this problem has not progressed far enough to warrant 
the recommendation of control measures. A number of promising 
leads are being followed, however, and it is hoped that effective ana 
economical means of checking this pest may be developed. 

SUMMARY 

The pine tip moth, Rhyacionia frustrana bushnelli , is one of the 
most injurious pests present in the Bessey plantations in Nebraska. 

It is apparently a geographic variety of the Nantucket pine tip 
moth, a well known but seldom injurious insect in the eastern part 
of the United States and Canada. 

In Nebraska the pest has been present in large numbers since 1909 
and the outbreak shows no sign of abating. 

This pest probably was introduced in forest-pulled stock shipped 
in during the early years of the plantation. 
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This insect mines the tips of seedling and sapling pines and causes 
deformity, loss in height growth, and occasionally death of the 
trees attacked. 

The western form winters as pupae in cocoons spun in the ground, 
whereas the eastern form winters in the infested tips of the trees. 

The tip moth has two generations a year. The first flight of 
moths occurs in April and May and the second late in June and 
July. The eggs are laid singly on the trees near new growth and 
the larvae tunnel the buds and young tips. The pupae of the first 
generation, unlike those of the second, are found in the infested tips. 

The severity of infestation varies with species and size of the pine. 

A number of parasites are attacking the tip moth, but they do 
not appear abl# to hold it in check. It is possible that the most 
effective parasitic species are not present. 

The parasites appear to be more effective in jack and Scotch pine 
than in western yellow pine, possibly because the larger buds and 
tips of the yellow pine provide better protection for the larvae. 

No satisfactory control measures for this pest have been developed 
as yet. Further investigations, however, are under way, and it is 
hoped that some practical means of control may soon be developed. 




EFFECT OF HYDROGEN-ION CONCENTRATION ON THE 
ABSORPTION OF PHOSPHORUS AND POTASSIUM BY 
WHEAT SEEDLINGS 1 

By Jehiel Davidson 

Associate Chemist, Crop Chemistry Laboratory, Bureau of Chemistry and Soils , 
United States Department of Agriculture 

INTRODUCTION 

Absorption by plants is controlled by two groups of factors, one 
affecting the availability of the material to be absorbed and the other 
the absorbing power of the plants. Although the hydrogen-ion con¬ 
centration of the medium may affect the solubility of the plant-food 
constituents, its effect on the absorbing power of the plant only was 
considered in the investigation here reported. Its effect on growth 
received no attention. 

METHODS AND MATERIALS 

The experiments were conducted in the laboratory with water 
cultures of wheat seedlings prepared as previously described (J). 2 
Purple-straw wheat was germinated on floating perforated aluminum 
disks and grown, supported by paraffined paper, in glasses of 225 c c. 
capacity. In order to prevent absorption of plant food from unger¬ 
minated seed before the seedlings were transferred to the glasses, care 
was taken to keep the seeds on the disks from coming in contact with 
one another and to prevent their dropping into the germinating 
pans ( 3 ). 

The seedlings were removed from the disks about two days after 
germination became visible and were grown for a day or two in tap 
water before being transferred to the experimental solutions, in order 
to stimulate root development. Thirty seedlings were grown in each 
glass. The germinating pans and the wrater cultures were kept in a 
large pan surrounded by a moat of oil to prevent injury by ants or 
roaches. 

The seedlings wnre grown in the experimental solutions for from 
one to two weeks. Although the solutions w r ere not balanced, the 
plants looked normal and healthy throughout the experiments, as 
their needs for growth were adequately supplied by the food materials 
stored in the mother seeds. Thus it was possible to study the influence 
of the reaction of the medium on absorption of mineral plant food 
by the seedlings, without the disturbing influence of previous absorp¬ 
tion (7).. 

Chemically pure materials were used for the experimental solutions. 
The concentrations were made relatively high in order to maintain 
the buffer properties of the solutions, eliminate deficiency in the plant 
food constituents as a possible limiting factor, and reduce the relative 


* Received for publication May 12, 1927; issued October, 1927. Presented in abstract at the seventieth 
meeting of the American Chemical Society, Los Angeles, Calif., August, 1925. 

2 Reference is made by number (italic) to “ Literature cited/’ p. 345. 
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differences in concentration resulting from absorption by the growing 
plants. The general character of the results was preserved also in 
solutions of low concentrations, when proper conditions were main¬ 
tained. 

Absorption was measured by analyzing all of the plant material 
obtained from each culture. The ash was dissolved and divided into 
two equal parts, one of which was used for the determination of phos¬ 
phorus and the other for the determination of potassium. Absolute 
absorption w r as measured by comparison with control cultures of 
seedlings grown in distilled water. Most of the experiments were 
carried out in triplicate. The hydrogen-ion concentrations were 
determined colorimetric ally. 

EFFECT OF INITIAL HYDROGEN-ION CONCENTRATION ON 
CHANGES IN REACTION PRODUCED BY GROWING SEEDLINGS 
IN SINGLE-SALT SOLUTIONS 

Seedlings were grown in a number of potassium salt solutions and 
in a sodium chloride solution which contained 750 parts per million 
of potassium chloride and equivalents of the other salts. The exper¬ 
iment was conducted in two series. In the first the initial hydrogen- 
ion concentrations ranged from 5.0 to 5.3 and in the other from 6.3 
to 6.7. Hydroxides and acids corresponding to the basic and acid 
radicals of the salts were used to obtain the desired Ph values. 

Table 1 . —Changes in hydrogen-ion concentrations produced in solutions of 
potassium salts and in a solution of sodium chloride by growing wheat seedlings 


i 

i 


Ph of solutions having initial 
Ph of 5 0 a after— 


Ph of solutions having initial 
Ph of 6.7 b after- 


Sait 



I l day 

2 days 

4 days 

8 days 

lday 

2 days 

4 days 

8 days 

Potassium chloride... 

3.7 

3.5 

3.5 

3. 6 1 

3.9 

3 7 

3 5 

3.8 

Potassium nitrate... 

3 9 

4.1 

4.6 

5. 5 

4.2 

4.4 

3.5 

4 9 

6 5 

Potassium sulphate.-. 

3.5 

3.5 

3.4 

3.4 

3 7 

3.5 

3.7 
5. 6 

Potassium phosphate... 

3 9 
5.0 

3.5 

3 4 

3.4 

6 2 

5.9 

5 6 

Potassium acetate_ _ 

5.0 

6. 9 

7.3 
6. 3 

5.8 

6.0 

6 4 

7.1 

Sodium chloride. 

4.7 

4.7 

5.3 

4.9 

5.3 

_1 

6.3 

6.8 

1 





« The initial Ph of the sodium chloride solution was 5.3. 

6 The initial Ph of the potassium acetate solution was 6.3. 


The growing seedlings increased the acidity of all experimental 
solutions except that of potassium acetate (Table 1). This is in 
agreement with the results of Breazeale and LeClerc ( 1 ), who found 
titrable acidity in potassium sulphate solutions in which wheat 
seedlings had been grown, and also with those of Hoagland (7), 
who found that solutions of three potassium salts increased in acidity 
under the influence of growing barley seedlings, attaining final 
hydrogen-ion concentrations of 3.4 to 4.0. 

Preferential absorption thus seems to favor the bases, at least 
in the early stages of growth. The fact that sodium, which is not 
an essential element of plant growth, was also at first taken up in 
excess over the acid radical suggests that preferential absorption for 
bases is chemical in nature. The subsequent decrease in acidity 
in the sodium chloride solutions indicates the migration of sodium 
back to the solutions. According to Wilfarth, Romer, and Wim- 
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mer ( 14 ), even essential elements of plant food migrate back to the 
soil at certain stages of growth. 

The potassium nitrate solutions developed less acidity than the 
other potassium salts because of preferential absorption of the nitrate 
radical. In the potassium acetate solutions the acid radical was 
evidently attacked by microorganisms ( 5 ). 

The initial hydrogen-ion concentration affected the results only 
in the potassium phosphate solutions. The more acid solutions of 
this salt behaved like those of the other salts, but the less acid solu¬ 
tions developed only slight acidity. 

The experiment was therefore repeated, potassium phosphate and 
potassium sulphate solutions of several initial hydrogen-ion concen¬ 
trations being used. The solutions were twice as concentrated as 
those used before. 

Table 2. —Changes in hydrogen-ion concentration produced by growing wheat seed¬ 
lings in potassium phosphate and potassium sulphate solutions of different initial 
hydrogen-ion concentrations 


Initial Ph 

, Ph of potassium phosphate 

1 solutions after— 

Ph of potassium sulphate 
solutions after— 

1 day 

2 days 

1 

3 days , 4 days 

1 i 

1 day 2 days j 3 days 4 days 

3.6.i 3.3 

4.0. 3.4 j 

5 0_ 3.8 

6 0..! 5.7 

7.0__ 6 8 

i 

3 3 
3.4 

3 7 

5.7 

6.8 

1 1 

3.3 1 3.3 

3 4 3. 4 | 

3. 7 | 3 6 i 

5.6 i 5 6 

6.8 ! 6.8 j 

3 4 3.4 

3.4 3 4 

3.7 ; 3.6 

3 7! 3.6 

3 7! 37 

! 

i 3.3 3.3 

! 3.4 3.4 

3. 6 i 3. 6 

3. 6 3. 0 

3. 6 ; 3. 0 


The results (Table 2) agree with those of the first experiment. All 
potassium phosphate solutions with initial hydrogen-ion concentra¬ 
tions up to 5.0 behaved like the potassium sulphate solutions. Those 
with initial Ph values of 6.0 and 7.0, however, developed only slight 
acidity. 

The final hydrogen-ion concentrations in these experiments never 
attained a value lower than 3.3. 3 

ABSORPTION OF PHOSPHORUS AND POTASSIUM FROM SOLUTIONS 
OF DIFFERENT HYDROGEN-ION CONCENTRATIONS 

The effect of the hydrogen-ion concentration of the medium on 
the absorption of phosphorous and potassium by seedlings was next- 
studied. 

Wheat seedlings were grown for two weeks in solutions containing 
1,500 parts per million of monopotassium phosphate which had an 
original hydrogen-ion concentration of 4.9. The same concentration 
was used in all subsequent experiments unless otherwise stated. The 
higher and lower Ph values were obtained by using potasshun hydrox¬ 
ide and phosphoric acid, respectively. 

Normal potassium hydroxide solution was added at the rate of 2.8 
and 6.6 c. c. per liter of solution to obtain Ph 6.0 and 7.0. The quan¬ 
tity of phosphoric acid required to produce the lower values was 
relatively insignificant. 


*On the si>eeifte acidity scale, in which Ph 7«1, Ph 3.3 is 5,000. 
56184—27-1 
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The seedlings grown in the solutions which increased markedly in 
acidity absorbed more phosphorus and less potassium than those 
grown in the solutions which changed but slightly in hydrogen-ion 
concentration (Table 3). This is just the reverse of what would be 
expected in view of the fact that the changes in hydrogen-ion concen¬ 
tration were presumably due to preferential absorption. This seeming 
abnormality, however, is readily explained by a closer study of the 
results. The seedlings absorbed relatively more potassium than 
phosphorus from all solutions, regardless of the initial or final 
hydrogen-ion concentration (columns 8 and 9, Table 3). This pref¬ 
erential absorption of potassium was responsible for the increased 
acidity in the solutions with the initial Ph 5.0 and lower, as they con¬ 
tained only monopotassium phosphate, which has but slight buffer 
properties. The solutions with the higher initial Ph values, containing 
mixtures of mono- and di-potassium phosphate, had much higher 
buffer properties and therefore changed but slightly in hydrogen-ion 
concentration. 


Table 3. —Absorption of phosphorus and potassium by wheat seedlings from 
potassium phosphate solutions of different initial hydrogen-ion concentrations 


Ph 


Total 

quantity 

Quantity 

absoibed 

s 

t 

Vl 

u 

C 

§ 

4 

o 

fi 

e 

d 

*§ 

.3 

| 

*3 

eu+3 

& 

0*2 

d 

Initial 

Final 

O 

o 

£ 

a 

o 

£ 

o 

£ 

O 

£ 

Ratio of potassium to phoj 
absorbed 

Ratio of potassium to phos 
in solution 

Phosphorus (P) equivalen 
sorbed potassium 

n 

g 

I 

I 

© 

a 

8 

y. 

H 

Excess of phosphorus in soli 
terms of H 3 PO 4 

§,3 

0 ” 

08 

!•« 

h 

2S 

fi 

H 3 PO 4 in excess over that r 
to produce final Ph val 

3.6__ 

3 3 

Mgm. 

10.3 

Mgm 

14.2 

Mgm. 

14.9 

Mgm. 

11.8 

151:100 

126:100 

Mgm. 

7.8 

Mgm. 

1.3 

Mgm. 
4.1 

Mgm. 
1.8 1 

Mgm . 
2.3 

4.0. 

3.4 

18.0 

14 2 

13 6 

11.8 

166:100 

126:100 

7.8 

1.9 

6.0 

2 2 

3.8 

5. 0—. 

3.6 

17.8 

13.0 

13.4 

11.5 

161:100 

126.100 

7.5 

1.6 

5 1 

1.7 

3.4 

6.0. 

5 6 

13 4 

16.3 

9.0 

13.9 

295:100 

'-158:100 

7.3 

8.4 

10.8 

0.01 

10.8 

7 o.._. 

6.8 

12. 6 

16.0 

8.2 

13.6 

314:100 

*201:100 

5.6 

2.0 

6.3 

0.0004 

0.3 

Controls. 


4.4 

2.4 








1 . 



«In 15 seedlings. 

h Including the potassium added as potassium hydroxide to obtain the required initial Ph values. 


The excess of phosphoric acid over potassium in the residual solu¬ 
tions does not agree w T ith their final reactions (columns 9 to 13, Table 
3). This discrepancy in the solutions with the initial Ph 6.0 and 7.0 
may be accounted for by their high buffer properties, but in the more 
acid solutions it can not be explained so easily. It is possible that the 
dissociation of the free phosphoric acid is decreased by the presence 
in minute quantities of organic matter, or that the acid is neutralized 
by small quantities of organic and inorganic bases excreted by the 
plant roots. In either case the excretions would be so slight that 
they could not be detected by analysis in aliquots of 15 seedlings. 

The experiment was repeated in two series. In one the desired 
hydrogen-ion concentrations were obtained by the addition of potas¬ 
sium hydroxide and phosphoric acid, in the other by adding hydro¬ 
chloric acid and sodium hydroxide. The seedlings were grown in the 
solutions for seven days. The results are given in Table 4. 
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Table 4. —Phosphorus and potassium absorbed by wheat seedlings from potassium 
phosphate solutions of different initial hydrogen-ion concentrations obtained with 
varied reagents 


Initial Ph of solution 


3 ft.... 

4 0.. 

5 0__.. 

f >.0 . 

7.0.. 

° In 15 seedlings. 

The analytical results of the two experiments (Tables 3 and 4) are 
not comparable, because of the difference in duration and environ¬ 
mental factors, which are never identical in experiments conducted at 
different times. 

The use of sodium hydroxide and hydrochloric acid instead of 
potassium hydroxide and*phosphoric acid had no effect on the results. 
The influence of the initial Ph of the solutions on the absorption of 
potassium, shown in the preceding experiment, was not corroborated. 
In both series, however, the absorption of phosphorus is distinctly 
higher from the solutions with the initial Ph 5.0 and lower from those 
with the initial Ph 6.0 and 7.0. The line between these two sets of 
solutions is just as sharp as in the preceding experiment. 

A similar tendency has been recorded by Hoagland ( 6 ), who used 
older plants and a complete nutrient solution. His solutions, how¬ 
ever, contained enough calcium to precipitate most of their phos¬ 
phorus at the lower hydrogen-ion concentrations. Similarly, Nexnec 
and Gracanin (5), who grew rye seedlings in a mixture of soil and sand 
with the addition of various phosphate fertilizers, found that more 
phosphorus was absorbed by the seedlings when the reaction of the 
medium was Ph 5.0 than when it was 6. 2 or 7.1, but here also the 
difference in absorption may have been due to differences in solubility. 
In the present experiments, however, it is clearly not a question of 
solubility, as all the potassium phosphates are freely soluble. A 
definite correlation between the hydrogen-ion concentration of the 
medium and the absorptive power of the plant is therefore established. 

EFFECT OF DURATION OF CONTACT OF SEEDLINGS WITH 
SOLUTIONS ON ABSORPTION 

Six sets of cultures, which were discontinued at definite intervals, 
were used. As the initial hydrogen-ion concentration of 5.0 had 
proved to be the line of demarcation between the two rates of absorp¬ 
tion, only two series of solutions were used, one with a Ph value of 
4.9 which expresses the original hydrogen-ion concentration of the 
solutions (1,500 parts per million of monopotassium phosphate in 
laboratory distilled water), and the other with a Ph value of 7.0, 
obtained by adding potassium hydroxide. 

The final reaction was practically the same in each set, showing 
that the change in reaction occurs during the first 24 hours (Table 


t i 

j From solutions treated I From solutions treated 
I with phosphoric ae icl i with hydroehlori 
j and potassium by- > aeid and sodiumhy- 


droxide 


droxide 


T2O1* 

k 2 o« ! 

P 3 0 5 « 

k 2 o« 

Mg in. 

Mgm. ; 

Mgm. 

Mgm. 

15.3 

13 7 ' 

13.1 , 

12.5 

15.7 

14. S ! 

13.9 - 

13.2 

14.9 ! 

14.2 i 

14.3 

13.2 

12.1 ; 

15 4 i 

11.9 | 

15.0 

10 9 

13,9 ! 

11.7 i 

13 4 
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5). The absorption of phosphorus and potassium increased grad¬ 
ually with the duration of the experiment. Absorption of potas¬ 
sium was greater in the neutral (Ph 7.0) series, with one exception. 
Absorption of phosphorus was greater in every set of the acid (Pii 
4.9) series. 

Table 5. —Effect of duration of contact of wheat seedlings with potassium phos¬ 
phate solutions of different initial hydrogen-ion concentrations on their absorp¬ 
tion of phosphorus and potassium 



Duration of contact 

| From initial Ph 4.9 solutions 

From initial Ph 7.0 solutions 


j Final Ph 

! p 2 o 5 « 

K 2 0 <* 

1 1 

1 Final Ph 

i : 

P20s a 

! k 2 o* 

1. 

Days 

I 

.i 3.6 

1 I 

1 Mgm. , 

1 6-9 ! 

Mgm. 

7.1 

i 

6.9 

Mgm 

6.C 

! Mgm. 

\ 7.6 



_ 3.6 

: 9 . 0 ; 

9 2 

6 9 

1 8.1 

11.2 

4. 


_ 3.5 

12 0 

11.6 

6 9 

9.1 

n.2 

f>_ 


3.5 

13.7 , 

11.7 

6.9 

11.5 

.i4.9 



.j 3. 5 

15 3 

15.9 

6 9 

11.4 ; 

16. 5 

14_ 


..j 3.7 

18.3 • 

17.7 

6.9 

15.6 1 

19.7 


«In 15 seedlings. 


Within the period of these experiments, therefore, the duration 
of contact of the seedlings with the solutions does not affect the dif¬ 
ferences in the rate of absorption of phosphorus caused by variations 
in the hydrogen-ion concentration of the medium. 

EFFECT OF AGE OF SEEDLINGS ON ABSORPTION 

Five lots of seeds were placed for germination at intervals of 2 to 
3 days. After 5 days in the germinating pans the seedlings were 
transferred to glasses and grown in tap water until the last lot was 
ready for use. The seedlings, therefore, differed in their stages of 
advancement by periods of 2 days and in one case by 3 days. These 
differences in age were discernible throughout the experiment. All 
seedlings were grown in the experimental solutions for 6 days. 

Both the absorption and final reaction of the solutions were dis¬ 
tinctly affected by the age of the seedlings (Table 6). In the acid 
series the acidity produced by the growing seedlings decreased as 
their age at the time of transfer to the solutions increased. In the 
neutral series a similar tendency was presumably obscured by the 
buffer properties of the solutions. The absorption of potassium and 
phosphorus decreased also in both series as the initial age of the 
seedlings increased, the rate of absorption being highest at the low¬ 
est starting age. The 5-day seedlings absorbed four times as much 
potassium and four to five times as much phosphorus as the 14-day 
seedlings. This impairment of absorbing power with age may be 
due bo the fact that there was no absorption during growth in a 
medium devoid of mineral plant food. It is also possible that the 
rate of absorption decreases as the seedlings advance in age, regard¬ 
less of the presence or absence of plant food in the medium. 
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Table 6. —Effect of age of wheat seedlings on absorption of phosphorus and potas¬ 
sium from potassium phosphate solutions of different initial hydrogen-ion con¬ 
centrations 


J From initial Ph 4 9 solutions j From initial Ph 7,0 solutions 


Age of seedlings'* 

Final Ph' P 2 O 3 * j 

! ' 

k 2 q>> 

Final Ph 1 

PsOsfc 


Days 

14... 

1 

! Mgm. . 
4.1 1 8.0 

Mg m 

6. 15 

| 

7.1 

Mgm. 

7.3 

Mjm. 
5.59 
7.31 
10.50 
13.80 
16 10 
2 28 

12. 

4.0 I 9. 8 ! 

8.01 

7.1 1 

7.6 

10..... 

3.8 ! 11.4 1 

9.39 i 

i 7.0 

9.9 

7_ 

3 3l 14 4 ; 

14.00 i 

fi. 9 1 

101 

5 1 

3.3 ! 21.5 1 

17.90 i 

6.9 | 

14.0 

5 0 

Controls...... 

..' £ 0 ; 

2.28 

: 

* 1 

. i 


« Count started with day the seed was set to germinate. & In 15 seedlings. 


The relative absorption of potassium was irregular, whereas that of 
phosphorus was consistent in both series. The differences in the 
absorption of phosphorus caused by the hydrogen-ion concentration 
of the medium, however, decreased as the starting age increased 
The difference for the starting age of 14 days was about 9 per cent 
and that for the age of 5 days was about 30 per cent. 

Total absorption, relative absorption, and the final reaction of the 
medium are correlated at least in a general way. It is not unlikely, 
therefore, that all are conditioned by the same factor. 

EFFECT OF CONCENTRATION ON - ABSORPTION 

Solutions of relatively high concentrations were used in these 
experiments for reasons stated at the outset. As normal soil solutions 
rarely attain such concentrations, however, it was necessary to deter¬ 
mine the effect of concentration on the differences in absorption. 
Accordingly, six sets of cultures were grown for 9 days in potassium 
phosphate solutions ranging in concentration from 50 to 3,000 parts 
per million. 

As was to he expected, the buffer properties of the solutions in the 
neutral series decreased gradually in the lower concentrations, 
beginning with that of 500 parts per million (Table 7). The apparent 
exception shown by the solution of the lowest concentration was 
evidently due to the total removal of the potassium phosphate by 
the plants, Ph 5.4 being essentially the hydrogen-ion concentration 
of distilled water which has come into equilibrium with the carbon 
dioxide of the air. The final reaction of the corresponding solution 
in the Ph 4.9 series may be similarly explained, the removal of 
potassium phosphate being not quite complete in this case. 

Table 7 . —Effect of concentration on absorption of phosphorus and potassium by 
wheat seedlings from potassium phosphate solutions of different initial hydrogen- 
ion Concentrations 


Concentration of solutions * 

Prom initial Ph 4.9 solutions 

From initial Ph 7,0 solutions 

Final Ph 

P 2 <V ! 

KsO* 

Final Ph 

P2O5* 

KaO* 



Mgm. | 

Mgm. 


Mgm » 

Mgm* 

3,000. 

4.0 

19.8 , 

16.6 

6.9 

13.5 

15.6 

1,500. 

3.5 

18.8 , 

15.7 

6.9 

11.8 

14.5 

500. 

3.3 

10.0 | 

9.9 

5.9 

10.3 

15.5 

200. 

3.3 

7.6 • 

7.7 

3.6 

8.7 

11.6 

100. 

3.0 

7.2 ! 

5.7 | 

3.6 

8.1 

9.8 

50--_.—J 

4.1 

6.1 l 

4.1 | 

5.4 

6.8 

1 5.9 

Control 


4.4 I 

2.7 ! 


4.4 

! 2.7 






1 


« Pans per million. 


k In 15 seedlings. 
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The relative absorption of phosphorus from the solutions with 
concentrations of 1,500 and 3,000 parts per million was the same as 
in the previous experiments, but it deviated markedly from the 
normal course in the lower concentrations, beginning with that of 
500 parts per million. This was probably due to the changes in 
hydrogem-ion concentration in the solutions of the neutral series, 
resulting from their decreased buffer properties. The absorption of 
potassium was higher from all four concentrations below 1,500 parts 
per million in the neutral series. 

The initial hydrogen-ion concentration of the medium had no 
effect on the relative absorption of phosphorus from concentrations 
which approach that of the soil solution. However, the soil solution 
is constantly replenishing its stock of available plant food.^ Accord¬ 
ingly, the experiment on .concentration was repeated, solutions being 
renewed daily. The seedlings were grown in the solutions for 8 days. 

The Ph values of the solutions discarded daily show that the power 
of the seedlings to change the initial hydrogen-ion concentration of 
the solutions diminished with every daily renewal (Table 8). The 
main object of renewing the solutions—to prevent large variations 
from the initial hydrogen-ion concentrations in the neutral series— 
was thus attained. 

Table 8. —Changes in reaction produced by growing wheat seedlings in daily 
renewed potassium phosphate solutions of different concentrations and different 
initial hydrogen-ion concentrations 


Ph of initial Ph 4.9 solutions after— j Ph of initial Ph 7.0 solutions after— 


Concentration of 
solution * 

I 

2 days 

3 days 

4 days 

g 

6 days 

7 days 

8 days 

1 day 

2 days 

1 

•0 

CO 

4 days 

1 

* 

0 days 

7 days 

C3 

-O 

co 

1,500.... 

3.6 

4.1 

4.7 

4.7 

4.8 

4.8 

4.8 | 

4.8 

6.9 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

500. 

; 3,6 

3.8 

4.1 

4.3 

4 8 ! 

4.9 

4.9 ! 

5.0 

0.0 

6.9 

6 9 ; 

7,0 

! 7.0 1 

7.0 

7.0 

7.0 

200 . 

3.5 i 3.7 

4.0 

4.1 

5,1 

5.1 

o 2 : 

5.3 

5.1 

6.1 

6.3 

6.3 

6 3 

6.3 

6.4 

6.3 

100 .... 

3.4 

3.7 

4.0 

4.1 

5 1 

5. 1 

5.2 

5.3 

3.9 

5.4 

6.1 

6.2 

1 6.2 ; 

6.3 

6.3 

6.3 

50. 

3.4 

3.6 

4.0 

4.1 

5.2 

5.4 

5.4 } 

5.4 

3.7 

5.0 

5.5 

5.8 

5 9 ! 

6.1 

6.1 

6.1 


« Parts per million. 


Absorption of phosphorus was greater from the acid than from the 
neutral solutions, irrespective of their concentrations, when through 
renewal they simulated the soil solution (Table 9). It is probable, 
therefore, that this correlation of absorption with the hydrogen-ion 
concentration of the medium properly modified may also apply to 
natural conditions of plant growth. 


Table 0. —Effect of concentration on ab$orptio?i of phosphorus and potassium by 
wheat seedlings from potassium phosphate solutions of different initial hydrogen- 
ion concentrations renewed daily 


Concentration of solution « 

From Ph 4.9 
i solutions 

From Ph 7 0 
solutions 


P 2 O 5 

KaO 

PsOj 

K 2 0 

1,500. 

Mgm. 

9.7 

8.5 | 

7.5 1 
7.2 ! 

6.8 1 
3.7 

| Mgm. 

1 9.25 

! 8.90 

i 8.13 

1 8.32 

1 

Mgm. 

\ 7.0 

6.6 

5 9 

Mgm. 

8 5 

500. " *■ 

10 0 

200. . 


100.„..! 

5.9 

8.80 

50.. ' ' ; 

i 5. 5 

3.7 

7’. 40 
1.70 

Control. 

1 

...... -.. i 



Parts per million. 
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DISTRIBUTION OF ABSORBED CONSTITUENTS AMONG ROOTS, 

TOPS, AND SEEDS 

In ashing the plant material for analysis a blackening, considered 
to be indicative of high phosphorus content, was observed in the 
roots of the seedlings grown in the acid solutions. This led to a 
study of the distribution of the absorbed phosphorus and potassium 
among tops, roots, and mother seeds. The usual procedure was 
followed. At the end of the experiment the seedlings were carefully 
separated into tops, roots,* and seeds, and then oven dried, weighed, 
and ashed. Aliquots of 45 seedlings were used for analysis. 

The dry weights of the tops were highest in the acid series and 
lowest in "the controls (Table 10). The dry weights of the roots were 
highest in the controls, which is in accord with the common observa¬ 
tion that a medium poor in plant food may stimulate root develop¬ 
ment. The weights of the mother seeds were lowest in the controls, 
but practically identical in the other two series. 


Table 10 .—Distribution of potassium and phosphorus absorbed by wheat seedlings 
from potassium phosphate solutions of different initial hydrogen-ion concentrations 
in tops, roots , and mother seeds 


Part of plant 

From initial Ph 4.9 
solutions 

From initial Ph 7.0 
solutions 

From controls* 

Dry ! 
weight j 

PrOs I 

KiO 

Dry ! 
weight | 

PiOi 

EaO 

1 

Dry : 
weight; 

PjOs 

K 2 0 

Tops. 

Roots 

Seeds. 


Qm. 

0. 50 
.14 

: -20 ; 

Mgm 
33.4 ; 
5.8 ' 
11.3 1 

Mgm. 

35.4 

3.3 

3.5 

Gm , 
0.44 | 
.15 
! .19 ; 

Mgm . 
20.1 
6.7 
9.2 

Mgm. 
30.6 
7.0 
4.8 

Gm. i 
0.38 
. 17 
.16 | 

Mgm. 

9 2 
1.7 
2.0 ! 

Mgm. 

6.6 

.5 

.3 


Total b . 

! .84 : 

i 

50.5 

42.2 

i i-ttj 

36.0 1 

42.4 

1 73 1 

! 

12.9 

7,4 


° Seedlings grown in distilled water. 6 In 45 seedlings. 


The roots in the neutral series had, contrary to expectation, the 
highest phosphorus content, but they also had a relatively larger 
potassium content. It would seem, therefore, that blackening of 
ash is an indication of an excess of phosphorus over bases rather 
than of high phosphorus content in an absolute sense. 

The total potassium content of the seedlings in the two series 
was about the same, but in the distribution of this element the tops 
of the acid series were more favored. They also contained the entire 
excess of phosphorus absorbed by the seedlings of this series. This 
emphasizes the significance of the hydrogen-ion concentration of 
the medium as a factor in the physiological availability of phosphorus 
to plants brought out in these experiments. 

DISCUSSION 

The behavior of seedlings with respect to absorption of phosphorus 
is analogous to that of certain inorganic gels which, according to 
Starkey and Gordon {12), also absorb more phosphorus from po¬ 
tassium phosphate solutions as their hydrogen-ion concentrations 
increase. Here, however, preferential absorption was always. in 
favor of the potassium cation, regardless of the rate of absorption 








344 


Journal of Agricultural Research 


Vol. 35, No. 4 


of phosphorus. The phenomena observed can be more plausibly 
explained on the basis of the isoelectric relations of the colloidal 
components of the living cell, particularly the proteins. Robbins 
(11) offered this explanation to account for the differences in absorp¬ 
tion of water and dyes by potato tissue on immersion in solutions 
of different hydrogen-ion concentrations. 

According to Pearsall and Ewing (10), the isoelectric point of 
wheat lies between Ph 3.3 and 4.5. The more acid limit happens to 
be identical with the lowest limits of acidity produced by the wheat 
seedlings in these experiments. Csonka, Murphy, and Jones (8) 
found that the isoelectric point of proteins lies between higher Ph 
values, approaching more closely the hydrogen-ion concentration 
the cell sap in 2-week wheat seedlings, which is about Ph 6.0, accord¬ 
ing to Hurd (<?). However, it is safe to assume that the isoelectric- 
points of proteins of the living cell are not identical with those of 
isolated proteins which have been subjected to various treatments in 
the process of extraction and purification. It is further to be assumed 
that the hydrogen-ion concentration of the cell content is not made 
identical with that of the medium, but only modified by it. The pref¬ 
erential absorption of potassium is accordingly explainable by the sup¬ 
position that as long as the acidity of the medium does not increase 
beyond Ph 3.3 most of the colloids in the wheat seedlings are on the 
electro-negative side of their isoelectric points and therefore combine 
with basic radicals in excess over acid radicals. However, as the 
acidity of the solutions increases because of the preferential absorption 
of potassium, some colloids pass to the electro-positive side of their 
isoelectric points and an increased absorption of phosphorus follows. 
When the acidity of the medium increases momentarily beyond Ph 
3.3 the absorption of phosphorus increases rapidly and this value is 
restored, the preferential absorption for potassium being thus 
maintained. 

The assumption that there is a relatively wide range in the isoelectric 
point of the ampholytes of growing plants explains not only the 
absorption phenomena observed in the experiments here reported 
but also the general mechanism of absorption of the living cell. This 
diversity of isoelectric points, allowing the occurrence of both electro¬ 
positive and electro-negative ampholytes within certain limits of 
hydrogen-ion concentration, makes possible the simultaneous absorp¬ 
tion of cations and anions. 4 

Although it is realized that it is not always safe to apply to field 
conditions conclusions drawn from laboratory experiments, the facts 
brought out in these experiments may have a practical bearing on 
plant production. For example, the High absorptive power of young 
seedlings would suggest caution in the practice of thinning, in order 
not to remove too much available plant food from the immediate 
vicinity of the remaining plants (4). The beneficial effect of trans¬ 
planting young seedlings may be explained on the same basis. When 
thick their intensive feeding exhausts the soil, so that they are bene¬ 
fited by being transplanted into fresh soil. They also bring to their 
permanent ground a store of plant food derived from other sources 
which in a way is equivalent to an application of fert ili zers. 


, - ® hypotauisis that a mixture of ampholytes acts as an individual with one isoelectrie nnint 

betvveen the Ph values of the components, would hardly apply to the proteins of l?ving 
t^reacUndividuafly. re preslHnabiy de P° slted m separate layers or in different cells and would be expected 
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The fact that the physiological availability of phosphorus to plants 
depends, among other factors, upon the hydrogen-ion concentration of 
the medium, emphasizes anew the importance of soil reaction. This 
may be one of the reasons why some plants appear to prefer an acid 
medium. It also suggests that the beneficial effect of the application 
of potassium fertilizers may be due partly to the fact that they in¬ 
crease the acidity in the immediate vicinity of the growing plants. 
The increased absorption of potassium, then, results indirectly in an 
increased absorption of phosphorus and perhaps of the other aoicl- 
forming elements of plant food also. 

SUMMARY 

Wheat seedlings were grown in potassium phosphate solutions of 
different initial hydrogen-ion concentrations. 

Relatively more potassium than phosphorus was absorbed by the 
seedlings, irrespective of the initial hydrogen-ion concentration of 
the solution. In the solutions with initial hydrogen-ion concentra¬ 
tions of 5.0 and lower this preferential absorption of potassium 
resulted in increased acidity. In solutions with initial hydrogen-ion 
concentrations of 6.0 and 7.0 the increase in acidity was but slight, 
owing to the buffer properties of the solutions. 

More phosphorus was absorbed by the seedlings from the solutions 
with initial Ph values of 5.0 and lower than from those with Ph 
values of 6.0 and 7.0. As all potassium salts of phosphoric acid are 
soluble, this tends to show that the physiological availability of 
phosphorus depends upon the hydrogen-ion concentration of the 
medium. 

The general character of the results was not affected by the dura¬ 
tion of the experiments nor by the age of the seedlings. Neither 
was it affected by the concentration of the solution, provided the 
differences in initial reactions in the solutions of the lower concentra¬ 
tions were maintained by daily renewal. 

The excess of phosphorus absorbed from the acid solutions was 
found in the tops of the seedlings. The tops also had a higher po¬ 
tassium content than those from the neutral solutions. The roots 
from the neutral "solutions contained more phosphorus and almost 
twice as much potassium as those from the corresponding acid 
solutions. 

The power of the seedlings to absorb phosphorus and potassium 
decreased as they advanced in age. 

The absorption phenomena observed in these experiments, as well 
as the absorption of cations and anions by living cells in general, 
are explained by the assumption that there is a relatively wide range 
in the isoelectric points of individual protoplasmic ampholytes. 
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NOTES ON THE LIFE HISTORY OF THE BUD MOTH, 
SPILONOTA OCELLANA D. & S. 1 


By S. W. Frost 

Associate Professor of Economic Entomology, The Pennsylvania State College 

INTRODUCTION 

A detailed study of the life history and habits of the eye-spotted 
bud moth, Spilojioia ocellana D. & S., was started in 1917 and con¬ 
tinued for five years. The inyestigations were conducted in an out¬ 
door insectary at Arendtsville, Pa., and frequent trips were made to 
near-by orchards to correlate insectary and orchard conditions. 
Synonymy, food plants, distribution, and bibliography have pur¬ 
posely been omitted, for these haye been adequately cliscussed by 
Porter, 2 in his bulletin “The Bud Moth.” The present paper con¬ 
tributes life history studies with special reference to conditions in 
southern Pennsylyania. 

NATURE OF THE INJURY 

The injury caused by the laryae of the bud moth in Pennsylyania 
may be described under the following headings: (1) Early injury to 
buds, foliage, and developing fruit by the partly grown, overwinter¬ 
ing larvae; and (2) late injuiy to mature fruit by larvae which hiber¬ 
nate the following winter. 

The partly grown, overwintering larvae become active early in 
the spring and burrow into the opening flower buds (fig. 1, D), feed¬ 
ing upon the blossoms and thereby lessening the set of fruit. As the 
leaves unfold, the larvae tie them together with silk and feed within 
the clusters thus made. Newly formed apples are frequently 
inclosed in such clusters (fig. 1, C) and are chewed by the larvae, 
causing them to drop or to become disfigured when they mature. 
The fruit stems are sometimes gnawed, which weakens them and 
causes the small fruit to drop. Often the larvae bore into the ter¬ 
minal shoots and dining some years considerable injury results. 
Sanders and Dustan (1919) 3 report that the injury to blossom clusters 
in Nova Scotia in 1918 was 35.8 per cent and that in some cases the 
set of fruit was reduced as much as 79.9 per cent. The size of the fruit 
from injured clusters was also considerably smaller. Although the 
percentage of injury in Pennsylvania has not been as serious as this, 
it is evident that this insect can, at times, cause considerable loss. 

Late in the summer the young larvae bite into the fruit, making 
small scars. Such injury is most common where a leaf is in contact 
with a fruit or where two fruits hang together, Plate 1, H, shows a 
mature fruit that has been injured by the feeding of a bud-moth 


1 Received for publication Apr. 27,1927; issued October, 1927. Published by permission of the director 
of the Pennsylvania Agricultural Experiment Station as a part of project No. 608. Contribution from 
the Department of Zoology and Entomology, the Pennsylvania State College, Technical paper No. 427. 

* Porter, B. A. the bid-mote. U. S, Dept. Agr. Bui. 1273, 20 p., Ulus 1924. 

* Sanders, G. E,, and Dustan, A. G. the apple bid-moths and their control in nova scotia. 
Canada. Dept. Agr. Ent. Branch Bui. 16: 5-30, Ulus. 1919. 
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larva. The discolored area also shows the position of the leaf 
beneath which the larva was feeding at the time the injury was pro¬ 
duced. The most serious injury in Pennsylvania is of this type. 
J. R. Ever, formerly of this station, found 14.7 per cent of fruit on 
sprayed trees injured by bud-moth larvae during 1917. In 1918, 5.1 



Fig. 1—A, larva of bud moth; B, pupa of bud moth; C, feeding ease and leaf cluster; D, bud-moth 
injury on apple bud; E. prothoracic segment of larva; F, mesothoraeic segment of larva; G, third 
abdominal segment of larva; H, ninth abdominal segment of larva 


per cent, and in 1919, 10 per cent of the fruit on unsprayed trees were 
injured by this species. 

THE ADULTS 

The adults (pi. 1, C) were rarely observed flying in orchards and 
records show that they are seldom attracted to lights or sugar baits. 
In captivity one can rear them with ease if they are provided with 
water or sugar ^solution. This seems necessary in order to keep the 
adults from dying prematurely. 






Life History of the Bud Moth, Spilonota ocellana 


Plate 1 



A. —Empty pupal case, 

B. —Position of larva immediately aftei hatching, under silken tent. 

C. —Adult of Spilonota ocellana D. & 3. 

D. —Feeding ease and manner of feeding of larva. 

E—Leaf tied to fruit by larva of bud moth. 

F. —Same as in E with leaf removed. 

G. —Rearing bottle, with bud-moth pupa on leaf, natural size. , 

H. —Feeding punctures of bud-moth larva, showing discolored area on fruit caused by leaf cutting 
off the sunlight. 
















Life History o* the Bud Motn, Ssn'cnota ocs’iana 


Plate 2 



A. —Egg immediately after oviposit ion. 

B. —Egg showing migration of yolk to opposite ends. 

C. —Yolk gathered at opposite ends of egg, embryo visible m middle. 

D. —Yolk flowing about embryo. 

E. —Embryo 51 hours old. showing leg buds. 

F. —Embryo showing segmentation and legs pressed against thorax. 

G. —Horizontal revolutions of embryo. 

H. —Six-day-old embryos after vertical revolution. 

I. —Advanced stage of H, showing abdomen elongated and curved at the tip. 

J. -~Mature embryo, head fully colored, and yolk consumed. 

K. —Empty egg shells. 
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The length of life of the adult moth varies from 5 to 28 days, the 
average for both males and females being approximately 14 clays. 
A length-of-life record kept in 1919 is shown in Table 1. 

Table 1 . —Length of life of adult male and female eye-spotted bud moths . 1919 


Males j Females 


! Number Adults 
, of adults ' issued 

Adults 

died 

Length 
of life 
(days) 

Number , 
of adults, 

Adults 

issued 

Adults 
died j 

Length j 
of life 
(days) 

j 1. 

-J June 

2_ 

June 

18 

16 

1_ 1 

June 

2 

June 24 | 

22 , 

' 1. 

„. ! June 

i 

June 

24 

21 

1. 

June 

3 

June 24 i 

21 

1 1. 

.. June 

5 

June 

23 

18 

1. ! 

June 

4 

June 12 ! 

8 . 

1 1_ 

.. June 

6 

June 

16 

10 

1.! 

June 

5 

June 23 1 

IS ' 

, 1 

..! June 

0 

June 

23 

17 

3.. 

June 

6 

June 16 1 

10 


-J June 

6 

June 

24 

18 

1.' 

June 

6 

June 19 

13 

! 3_ 

.J June 

6 

July 

o 

26 

1_ 

June 

6 

June 24 : 

IS 

: l. 

.. June 

7 

June 

16 

9 

1.! 

June 

6 

July 2 : 

26 

1 i. 

June 

7 

June 

17 

10 | 

i i.: 

June 

7 

i June 16 s 

9 

1 l. 

— 1 June 

7 

June 

18 

11 j 

i i- 1 

June 

7 

' June 17 | 

in 

, l_ 

June 

7 

June 

19 

32 

i_. 

June 

7 

June 24 1 

37 

3 .... 

June 

7 

June 

20 

33 

i.; 

June 

8 

1 June 23 ! 

15 

) 3_ 

.. June 

7 

June 

21 

14 . 


June 

9 

June 23 < 

14 

J 1 . 

.j June 

8 

June 

18 

10 , 

i..J 

June 

9 

i June 24 i 

15 

1. 

June 

9 

June 

16 

7 

l.. 

June 

0 . 

, June 28 ! 

19 


1 




j 

1... 

June 

11 

June 26 . 

15 




» 



i_ 

June 

32 

June 25 > 

13 







i_ 

June 

12 

. June 28 1 

36 







1. 

June 

13 

! July 2 . 

39 






1 

1.- 

June 

15 

June 20 | 

5 i 

! 


J 



j 

1. 

June 

15 i 

I June 25 

10 


Note.—T he average length of life of the 15 adult males was 14 1 days; of the 21 females, 14.9 days. 


Copulation takes place soon after the adult emergence, and several 
days elapse before egg laying commences. In one instance this 
period lasted for 17 days, but this is apparently abnormal. Table 2 
summarizes the preoviposition period of a few females in 19IS and 
1919. 


Table 2. —Preoviposition period of the eye-spotted bud moth , 191S and 1919 


y mr ! Number of 
* ear ! females 

' 

Date adults 
emerged . 

Date first 
eggs were 
laid 

i 

■ Length of 
period 
(days) 

1918.' 

1 

June 

3 ' 

June 

10 

7 

1918.. 

2 

June 

5 | 

June 

10 

5 

1918.; 

1 

June 

s ; 

June 

25 

° 17 

1919. 

1 

June 

2 i 

July 

5 

3 

: 1919_; 

1 

June 

3 I 

July 

5 

2 

, 1919.! 

1 

June 

4 

July 

6 

2 

1919_ 

1 

June 

5 « 

July 

i 

2 

1919. 

2 

June 

6 J 

July 

7 

1 

1919. 

1 

June 

6 , 

July 

8 

2 

1919. 

2 

June 

7 ! 

July 

9 

2 

1919. 

1 

June 

7 

July 

20 

3 

1919. 

1 

June 

8 , 

July 

11 

3 

1919. 

1 

June 

8 I 

July 

12 , 

4 

1919. 

2 

June 

9 , 

July 

10 i 

1 

1919.: 

2 

June 

9 | 

July 

11 

2 

1919.1 

3 

June 

11 1 

July 

39 

8 

1919.. 

2 

June 

12 j 

July 

16 

4 


• Abnormal. 

Note — 1 The average length of the preoviposition period for the 23 females studied was 3.6 day#. 
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OVIPOSITION 

The egg-laying activities of the moths were observed many times. 
As the time for oviposition approaches, there are indications of 
excitement on the part of the female followed by periods of quietness, 
during which the tip of her abdomen touches the surface upon which 
reS ^ S * ^ ^ en ready to oviposit the female lifts the tip of her 
abdomen and spreads her genitalia so as to expose the opening of 
the oviduct. Almost immediately a glistening white egg appears 
at the opening of the ovipositor. The tip of the abdomen is then 
quickly lowered to the surface of the leaf, and an egg is deposited. 
The abdomen is raised again, and, after half a minute, or possibly 
longer, a second eg^ appears. Several eggs are thus laid in succes¬ 
sion. ^ In the case of one female observed, 11 eggs were laid in about 
'^ApinutPS. In all cases oviposition occurred at night. 

The eggs are laid singly or in overlapping patches of from 2 to 20. 
They are fastened to the leaf with a viscous material which soon 
hardens on exposure to the air. This cementlike substance does 
not dissolve when the eggs are preserved in alcohol. The margin 
of the egg is firmly attached to the leaf while the center bulges 
slightly to accommodate the yolk and protoplasm. 

The number of eggs laid by a single female varies considerably: 
I he smallest number of eggs laid by a single moth was 28 and the 
greatest number 450. A record of the number of eggs laid by a 
group of moths in 1920 and 1921 is summarized in Tables 3 and 4. 


Table 3, Oviposition and number of eggs laid by the eye-spotted bud moth , 1920° 


June 


13 12 13 


0 ; 0 
0i 0 
0 0 
0 0 
0; 35 
0 19 

:: ll 

”t f 

$ 


14 - 15 j16 

i I 


78 . 10 | 40 
18c?45l 0 
23' 42 0 
S5 27; 0 
49 14; 0 
53 31, 0 


S| 0 
0] 0 
o! o 
0 \ o 
01 0 

0 ~ 


i 

17 | IS , 19 ; 20 


21 . 22 2*1 24 I 25 


I 


O! 


0 Of 0j(?) 

0(?)' 31 l?) 

25 (?); 53 (?) 

«r) i 25 (?) 

50 (*»)! 27U?)! 

io r>. 1 st?) n.c?? 

63in,o0,(?). 

62.(?) i 327?) 


34(‘>) 

si,n 


85 (?) 

64jp) 

® n 

92 , n 
on 

31 (?) ... 

50| (?) i 31 (?) 

o;c’),io6i(?) 
6j(?)j 70i(?) 
U ;P) 80;(?) 
0j(?)! 67 (?) 
15.7?); 86 (?) 
OlCOj 25!(?) 


(?)! 

r)\ 

n 

rn 


0 0i 0 


! 


I 


26 | 27 i 23 


O' 0 
0 ! 0 
0, 0| 


0 
& 

0 0 

(?) o 

o: o 

Oi o 

o! o 

9 

Oj 01 

o! o 

0 0 
o! oj 
o! oi 
o, o| 


01 <?] 


29 130 


July 


O' c?2] 
0. l 
0 c? 


0 0 ; 9 


Sid* 9 
26. d”i 
7 cf9 
0cf9 
13! cf 9 


16! cf*i 
8 cf* 9 
29 cf 9 
S’ <? 


<?9 

0*9 


0, O' 
0 0 


s! 0, 


0, o 9 j. 


0, 0 9 


0 9. 


0j 0| 


13 


Num¬ 
ber of 
eggs 
laid 


138 

94 

168 

167 

175 

131 

132 
111 
152 
179 
125 
161 
130 
188 
116 
124 
160 
165 
118 
141 

78 


> A of A hart H ldicat f dates male and female moths emerged and those at right of chart 
SgsTere raSSThe folSgdky died ' No observation was made on days marked® (?). The 

Note. There were 21 pairs of adults under observation, and the total number of eggs laid was 2,953. 
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° c? and 9 at left of chart indicate dates when male and female moths emerged; at the right of chart they 
indicate dates when male and females died. (*) indicates that no records were made. 

Note.— -The total number of eggs laid by females of 21 pairs of moths was 4,133, 


THE EGG 

The egg measures 0.8 mm. in length by 0.6 mm in width (pi. 2, 
A). It is much flattened or scalelike, oval in shape, and bluntly 
pointed at one end. This pointedness is due to the pressure of the ovi¬ 
positor at the time of deposition. Sometimes the egg is drawn out 
into a fine hairlike point at one end, but this is not characteristic. 
It is transparent, milky, and granular, and is more granular at the 
rounded end. Its contents are surrounded by a thin, almost nmsible, 
vitelline membrane. Outside of this is a rather tough, transparent 
chorion faintly sculptured with polygonal markings. 

The incubation period of the eggs varies from 7 to 12 days. In 
1918 it lasted from 7 to 9 days, the average being 8.1 days. A record 
kept in 1919 on a total of 986 eggs showed that the egg stage lasted 
from 8 to 12 days, the average being 9.1 days. The data covering 
these observations are shown in Tables 5 and 6. 


Table 5. —Incubation period of eggs in 1918 


1 

Date eggs laid 1 

! j 

1 

Date eggs batched 

Incubation ! 
period : 

| (days) | 

JllTlfl 1ft * . . _ 

June 17 to 18__ 

7 to 8 ; 

.Tivpft ft t,f* 13 - 

June 17 to 18. 

8 to 9. ! 

June 10 _ 

June 17. 


June 9__ 

June 17 to 18. 

8 to 9. , 



! 
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Table 6.— Incubation period of eggs in 1919 


eggs 


of 

Date eggs laid 

Due eggs hatched 

Incubation 

period 

(days) 

95 

June 5. 

... June 14. 

9 

200 

June 7_... 

.. June 15 to 17_ 

S-1G 

$S 

June S.. 

June 16 to 17. 

S- 9 

174 

1 June 9.. 

.. June 17... 

g 

47 

June S to 9.. 

June 10to 17.... 

8 

130 

June 9 to 10. 

.. June 17 to IS. 

S 

r>2 

June 11_ 

__ June 19 to 21. 

8-10 

h 

! June 12.. 

__! June 20 to 21_ 

8- 9 

34 

June 13.. 

June 21. 

8 

6 

, June IS. 

June 2$... 

10 

2 

June 19_.. 

.. June 27. 

8 

20 

June 20.. 

— June 30 to July 1_ 

10-11 

6 

June 22. 

July3.... 

11 

1 

June 24... 

.. J illy 4. 

10 

use 

Average length of incubation period.. 

9.1 


In the course of a few hours after the egg is laid the yolk becomes 
pale yellow or straw color and many interesting changes take place 
which can be followed by means of a hand lens or microscope and 
illumination from transmitted light. The flatness and thinness of 
the eggs made it possible to observe the grosser embryonic changes. 
The eggs were obtained by inducing the females to oviposit on micro¬ 
scope slides. These were examined under the low power of a com¬ 
pound microscope, and numerous observations were made at short 
intervals of all movements and changes within the eggs. Photo¬ 
micrographs and diagrams were made illustrating the important 
changes. 

Almost immediately after oviposit ion, distinct pulsating move¬ 
ments of the yolk are noticeable within the egg. These movements 
are caused by the migration of the yolk cells toward the opposite 
ends of the egg (pi. 2, B). During the first few hours, before the 
yolk gathers at the opposite ends, the blastoderm forms at the 
larger end of the egg and pushes into the center. This can not be 
observed in the living egg because the yolk obscures the germ band. 
Furthermore, the comparative thickness of the egg prevents a view 
of a single layer of cells. If the egg is placed in weak Flemming’s 
fluid, however, the young embryo can be seen before the yolk moves 
to the ends of the egg. The first changes are very rapid, and it 
would be necessary to resort to sectioning to reveal the formation of 
the blastoderm. 

In the course of 10 or 12 hours the yolk gathers in two semi- 
circular-shaped bodies at the opposite ends of the egg, and in the 
living egg the embryo becomes visible for the first time (pi. 2, C). 
The embryo at this time is rounded or slightly kidney-shaped. It 
consists of two portions, an inner densely granular portion and a 
less granular outer portion. 

The yolk soon commences to flow, by irregular pulsations, about 
the embryo, and at the end of 24 to 48 hours completely surrounds 
the embryo (pL 2, D). Division membranes appear in the yolk, 
giving it a segmented appearance. The outline of the embryo at 
this time is not as regular as before, due to the segmented condition 
of the yolk. A slight shrinking of the contents of the egg and the 
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{lulling of the vitelline membrane away from the edge of the chorion 
likewise becomes visible. 

Approximately 54 hours after oviposition the legs appear as three 
invaginations in the yolk mass (pi. 2, E). The shape of the 
embryo becomes more pronounced and the contents of the egg 
shrink distinctly from the edge of the chorion. The segmentation 
of the embryo is not visible at this time. 

About four days after oviposition the embryo becomes segmented, 
and the legs are well formed and tightly pressed against the under 
side of the thorax, which at this stage of development is turned 
toward the outside of the egg (pi. 2, F). The mouth parts com¬ 
mence to form, and the first indication of eyes is represented by 
two small reddish spots on opposite sides of the head, one lying 
directly below the other. 

Five days after oviposition the embryo makes a revolution in a 
horizontal plane (pi. 2, G). This is brought about by the elonga¬ 
tion of the embryo and the turning of the tip of the abdomen back¬ 
ward. The legs are thus thrown between the thorax and the ab¬ 
domen. At this time the mouth parts are very distinct, and a dark 
line appears close to the exterior wall of the embryo, running from 
the posterior edge of the thorax to about the middle of the abdomen. 
This line is probably the mid-intestine. The eye spots and segmenta¬ 
tion of the embryo are likewise very prominent. ' The abdomen, due 
to its new position, lies straight and is not curled at the tip as before. 

In a short time, usually less than 24 hours, a second revolution 
takes place in a vertical direction which brings the legs under the 
body. The head and thorax are then turned so that one sees them 
from the dorsal aspect, both eye spots thereby becoming visible 
(pi. 2, H). The abdomen elongates and becomes curved again 
at the tip (pi. 2, I). At the same time the yolk supply is rapidly 
consumed and the contents of the egg shrink noticeably from the 
edge of the chorion. 

On the tenth or eleventh day the embryo becomes mature and the 
egg is ready to hatch. The head and anterior margin of the protho- 
racic shield become chitinized. The supply of yolk is entirely con¬ 
sumed and the embryo occupies all the space within the vitelline 
membrane (pi. 2, J). The embryo finally emerges by cutting a 
slit through the chorion with its mandibles (pi. 2, K). 

THE LARVA 

The newly hatched larvae are pale yellow” in color, but as soon as 
the first molt occurs they turn deep yellow, and later pinkish brown. 
•It is not until after the second molt that they assume the deep- 
brown color characteristic of the mature larva (fig. 1, A). The 
head and prothorax in all instars are shiny black except immediately 
after a molt, when they are white or pale gray. Setai maps are 
shown in Figure 1, E, F, G, H. 

The bud-moth larvae resemble somewhat the larvae of Mineola 
indigeneUa and Sparganothis HaeusdLis which also attack the apple. 
The former is similar in color but when full grown is larger and has a 
very much roughened head. The latter is slightly paler, has a light- 
brown head ana prothoracic shield, is much more active than the eye- 
spotted bud moth, and does not inclose itself in a feeding tube. 

50184—27 —— 5 . 
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Ill all cases observed the eggs were laid on the upper side of the 
leaves, and the larvae on hatching were found on this side. This 
surface is smooth and does not afford the protection of the under, 
hairy side. Consequently it was not surprising to find that newly 
hatched larvae in the laboratory, as well as those placed on the leaves 
in the orchard, soon migrated to the under side of the leaves. Obser¬ 
vations made on 793 larvae, with 





respect to the side of the leaf pre¬ 
ferred by them, are represented in 
Figure 2. 

LARVAL CASES 

The newly hatched larvae begin 
at once to spin silk. At first only 
a feiv threads are spun to enable 
them to maintain their position on 
the foliage against wind and rain. 
Later leaves are tied together to 
form protective shelters inside of 
which the larvae construct their feed¬ 
ing tubes. These feeding tubes are 
begun about 24 hours after hatching 
and are quite compact. At first they 
are formed on the under side of the 
leaves usually along the midribs or 
larger veins. They are white in 
color and made of silk in which are 
incorporated plant hairs from the 
under side of the leaf. They are 
quite inconspicuous and are readily 
overlooked. At the end of the first 
day such cases are about one-six¬ 
teenth of an inch long. Two days 
later they measure about three-sis- 


0/V£>£& 

&/ 0 £~ 


Fig. 2.—Diagram illustrating the position of 
bud-moth larvae on the under and upper 
sides of the leaf 


teenths of an inch (pi. 1, B). 

Larvae begin to feed two days 
after hatching and, as they continue 
to take food, the frass is ejected 
from one end of the case and added 


to the exterior. The outside of the feeding tube soon becomes gray 
or black as the result of the accumulation of feeula (pi. 1, D). 
The inner silken layer of the tube, however, remains white or of a 
slightly creamy color. 


The shape of the feeding tubes varies considerably. Some are 
small tubular shelters almost closed at one end and enlarged at the 
opposite end. * Others are straight tubes open at both ends. Still 
others are tubular but are covered with a tentlike sheet of silk. The 
larvae seldom wander from these but sometimes abandon them and 


construct new ones. The cases are lengthened as the larvae increase 
tfeeir feeding grounds. 
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FEEDING HABITS 

The larvae are shallow feeders on both foliage and fruit. When 
feeding on the under surface of a leaf they make holes through the 
lower epidermis and parenchyma as far as the upper epidermis. 
When feeding from the upper side they rarely eat through the lower 
epidermis. Nevertheless they consume a considerable quantity of 
plant tissue, and as they do not eat single large areas but nibble 
here and there, it is easy to understand how they become so injurious. 
A record of the measurements of leaf area eaten by the larvae is given 
in Table 7. 


Table 7. —Amount of leaf tissue eaten by eye-spotted bud moth larvae 


Number 
of larvae 

1 Date feeding began 

■ Date feeding ceased 

1 

Feeding 
period 
(.days)« 

i. 

J, July 3. 

- Aug. 7.. 

35 

3_ 

July 5..__ 

_i July 13 to Nov. 9_ 

232 

7 

. July 8-- 

J July 21 to Oct. 28.. 

373 

2. 

. July 10_ 

-! July 26 to Aug. 3. 

—; 39 

: o 

July 15. 

Sept. 28 to Oct. 10. 

235 

| 4_ 

. July 17. 

J Aug. 3 to Nov. 20-__ 

280 


_ July 11. 

July 26-..-.. 

35 


July 20...__ 

Oct. io. 

82 

| 1. 

. July 26.-.— 

. Oct. 22.. 

88 

■ 1_ 

Aug. 3-- 

-i Oct. 21.... 

79 

1_ 

Aug. 8-- 

J Oct. 10-... 

63 

l._.. 

.t Aug. 28. 

Oct. 10__ 

43 


Leaf surface; 

removed 
i (square 
i inches) 


1 

10s 

1SJ 9 

3iV 

Ilf* 

10* 

Ih 

3* 

4*4 

3 J 4 

m 

19* 


a Figured for the number of larvae feeding on these dates. 


The feeding habits of the larvae from midsummer till late fall are 
very irregular. In most cases they cease feeding entirely and go 
into a quiescent state. Occasionally quiescent larvae become active 
and start feeding again. A summary of late summer and fall activi¬ 
ties of a number of larvae is given in Table 8. 

Table 8. —Late summer and fall activities of eye-spotted bud moth larvae 


Number 
of larvae 

Date feeding 
ceased 

Date larva entered Date feeding 

resting period resumed 

f 

Date larva i 
entered resting 1 
period 

1_ 

.Tnly 17 

July 17....... 

, 

3. 

July 18. 

July 23.... 


1. 

July 20. 

July 20..L_ 

1 

1. 

July 20_ 

JulS’23.. July 27__ 

Aug. 8. 

1. 

July 21. 

July 21-_ ..I_ 

1. 

Aug. 3 __ 

Aug. 8 _ ___ 


1_ 

*LUg. 15_ 

Aug. 26.... 


! 1 .. . 

Aug. 28.-. 

Aug. 28. ...J...J 


: 3. 

Sept. 6_ 

Sept. 6____ 

j 

1. 

Sept. 26. 

Sept. 26 .-_-. 


i 1_ 1 

Oct. 3. 

Oct. 3.. 

1 

]. 

Oet. 9.... 

Nov. 21....■ 


1. 

Oet. 10. 

Nov. 25.i. 


1.i 

Oct. 22. 

Oct. 22..i„,__ 


1. 

Oct 28.-_ 

Nov. 22..i.... 


0 

Nov. 9 _ 

Nov. 9 to Nov. 21._I __ 


1. 

Nov. 25 _ 

Nov. 26 . J . 







Larvae of the eighth, ninth, or tenth instars hibernate in little 
silken cases on the twigs near the buds. In confinement, many of 
them burrowed into the cork stoppers of the rearing bottles or into 
the petioles of leaves, but some formed no hibemacula at all. 
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NUMBER OF MOLTS 

The number of instars and the molting activities of the larvae 
were discussed by the writer 3 in 1922. It is very evident that the 
number varies with the latitude. Sanders (1919) 4 found that there 
are seven molts in Canada. Porter (1924) 5 records only six for 
Connecticut. In Pennsylvania there are usually 11 molts, but in 
some cases 12 molts occur. Overwintering larvae may molt two or 
three times in the spring after resuming activities. A summary of 
the number of molts and the average length of the different instars 
is given in Table 9. It will be noticed that the length of the instar 
increases with each successive molt. 


Table 9. —Length of the larval instars of the eye-spotted hud moth , summer , 1918, 

and spring , 1919 



LARVAL MORTALITY 

The larvae are very susceptible to injury in confinement and the 
mortality was unusually high. Possibly similar conditions would be 
found with larvae under natural conditions. In breeding cages the 
mortality was higher during the earlier instars. T h is is well illus¬ 
trated in Table 10. 


3 Frost, S. W. ecdtsis in tmetoceha ocellana scbiff, Ann* Ent. Soe, Amer. 15: 164-168, Ulus. 1922, 

* Sanders, G. E., and Dustan, A, G. Op, cit, 

* Foster, B. a. Op. cit. 
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Table 10 .—Mortality of bud-moth larvae daring different irt stars 



First. 26 , Seventh_ 

Second. 49 i Eighth. 

Third. 17 ii Ninth. 

Fourth. 6 :■ Tenth. 

Fifth. 3 |i 

Sixth. 0 . Total 

i 


5 

2 

2 

1 

111 


The number of dead and missing larvae in breeding cages in which 
approximately 1,000 larvae were handled during 1918 and 1919 was 
as shown in Table 11. 


Table 11. —Occurrence of dead and ?nissing larvae in captivity 





1918 

1919 


1 June 

July 

Aug. j Sept., Oct. i Nov. Dec , Total 

i 

June! July { Aug. 

Sept. 

net. 

Total 

Dead. 

8 | 

14 

i 1 ' 

1 2 : 31 4 0 32 

18 ! 21 I 4 

1 

1 

45 

Missing. 

10 ' 

14 

7 2 0 0 0 33 

38 . 24 1 

1 

2 

m 

Injured. 

i ! 

o; 

1 0 | 1 ! 0 j 0 3 

J 0 i 4 ; 1 

i 1 1 

0 i 

6 


THE PUPA 

The pupa varies from 7.1 mm. to 8 mm. in length, and is brownish 
in color (fig. 1, F). It is quite slender and the abdomen tapers 
gradually toward the posterior end, terminating in a blunt or rounded 
segment without a cremaster. The dorsal aspect of the abdominal 
segments bears two rows of spines; a row of strong spines on the 
anterior margin, and a row of weaker spines across the middle of 
each segment. The last segment bears about 10 strong spines at 
the tip, on the dorsal side. There are in addition eight weak hooks, 
four extending from the dorsal side and four from the ventral sur¬ 
face. The latter are arranged in pairs on each side of the anal open¬ 
ing. The labrum is set off by distinct sutures. The maxillary palpi 
are about twice as long as the labial palpi and completely inclose 
them. The femora of the prothoracic legs extend slightly beyond 
the tips of the maxillary palpi. The prothoracic legs extend half way 
to the edge, the mesothoracic legs nearly to the edge, and the ineta- 
thoracic legs slightly beyond the edge of the wing pads. The 
antennae are comparatively long, reaching nearly to the edge of the 
wing pads. 

Transformation to the pupal stage occurs three or four days after 
the coccoons are spun. Usually it occurs in the spring. Occasionally, 
however, a few individuals may transform in late summer when a 
partial second generation is produced. Pupae are usually found 
concealed among dried leaves. Before the adults emerge they work 
themselves part way out of the cocoons. Tables 12 and 13 give the 
duration of the pupal period from 1918 and 1919, 
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Table 12 .—Length of pupal period , 1918 


; Num- 
! ber of 
larvae 

Bate of 
pupation 

Date of 
emergence 
of adults 

Length J 
of pupal 
period : 
(days) , 

1 l . 

May 20 

May 30 

io ; 

o 

May 20 

June 1 

12 I 

q 

May 22 ; 

June 3 

12 i 

3L. 

May 28 i 

June 4 

7 1 

1. 

May 28 i 

! June 5 

8 

' 2.. 

May 28 

j June 6 

9 

1. 

May 28 

| June 7 

10 1 

' 2. 

May 28 

, June 10 

13 


Note.— The average length of the pupal period for the 12 larvae studied was 10.5 days. 


Table 13 .—Length of pupal period , 1919 


i 

„ 1 
Num- , 
ber of ; 
larvae j 

Bate of 
pupation 

Bate of 
emergence 
of adults 

Length ■ 
of pupal 
period 1 
(days) 

i 

May 29 

June 

2 

4 | 

i_: 

May 29 

June 

4 

6 I 

; i_ 

May 29 

June 

5 

7 1 


May 29 

June 

6 

8 i 

I 4_ 

May 29 

June 

7 

y ! 

1.-■ 

May 29 

June 

9 

li 

3_ 1 

May 30 

June 

3 

4 1 

2.| 

May 30 

June 

5 

6 i 

! 2. 

May 30 

June 

6 

7 1 

, 1. 1 

May 30 

June 

7 

8 | 

i-; 

May 30 

June 

16 

17 i 


June 2 

June 

12 

10 

i_ 

June 2 

June 

15 

13 


June 2 

June 

17 

15 

1.J 

June 2 

June 28 

26 


Note.—T he average length of the pupal period for the 23 larvae studied was 0 days. 


NUMBER OF GENERATIONS 

Normally there is but one complete generation of the eye-spotted 
bud moth in Pennsylvania. Observations made in 1918 show a 
partial second generation. Larvae which hatched from eggs laid 
about the middle of June continued their feeding until fall. The 
majority entered hibernation in the eighth and ninth instars and 
completed their development the following spring, but a few pupated 
in August and adults issued and laid eggs. During the seasons of 
1919, 1920, and 1921, only a single brood occurred. It appears 
from several years’ observations that a single brood is normal. 

PARASITES AND PREDATORS 

The parasitic and predacious enemies of the bud moth have been 
very carefully reviewed by Porter (1924).® One species, not men¬ 
tioned, might be added, namely: Itoplectis obesus described by 
Cushman, 1917. 7 This makes a total of 26 known parasites of the 
eye-spotted bud moth, 15 of which occur in North America. 


8 Poster, B, A. Op. eit, 

7 Cushman, R. a. eight new species op reared ichneumon-fues, with notes on some other 
species. U. S. Natl. Mus. Proc. 53: 457-489. 1917. 
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A certain mite was frequently found associated with the bud- 
moth larvae in their feeding cases, hut it is questionable whether 
this mite attacks the bud-moth larvae or simply takes advantage 
of the shelter offered by the larvae and feeds on excrement or small 
organisms present. 

Several predators have been recorded in literature, namely: 
A Carabid beetle Triphleps sp.^ a mite Anystis agilis Banks, and a 
mud wasp, Odynerus CatsJcillensis Sauss. 

SUMMARY 

The eye-spotted bud moth is occasionally responsible for severe 
injury to the fruit and foliage of the apple. It was first reported in 
this country in 1841, and since that time has been injurious in southern 
Canada and in at least 24 States in the northern part of the United 
States. 

Injury is caused by the larvae which attack the opening buds, 
foliage, and newly set fruit in the spring, and the mature fruit in late 
summer. The injury to mature fruit is the more serious in southern 
Pennsylvania. 

Larvae of the eighth, ninth, and tenth instars hibernate in small 
hibernacula on twigs near the buds. These emerge early the follow¬ 
ing spring, and after molting two or three times become mature 
toward the end of May and pupate within curled leaves. The pupa 
stage varies from 9 to 10 days. Adults live for an average of 14 days 
after emergence. There is a preoviposition period of 3 or 4 days. 
Eggs are laid singly or in small batches of from 2 to 20. They are 
glued to the leaf with a cementlike substance. The larvae appear 
about mid-June and feed on fruit and foliage until fall, when they 
hibernate. Most of their feeding is done on the under side of the 
leaves. There is high mortality among larvae in breeding cages, 
particularly during the earlier instars. Normally there is one 
generation of moths a year. 




RELATION OF MATURITY TO THE NUTRITIVE VALUE 
OF FIRST, SECOND, AND THIRD CUTTINGS OF IRRI¬ 
GATED ALFALFA 1 

By Jerry Sotgla 2 

Assistant Professor and Assistant Animal Husbandman, Washington Agricultural 

Experiment Station 

INTRODUCTION 

Under conditions of irrigation farming in the Yakima River Valley 
of Washington three cuttings of alfalfa are usually harvested and pro¬ 
duce hay of fine quality. Yields in tons and permanency of stand 
have been the primary considerations in the production of such hay, 
only slight emphasis being placed upon nutritive value. Some atten¬ 
tion has been ^iven to the stage of maturity (36)* in its relationship to 
yield of the three cuttings. Feeding experiments with lambs over a 
period of four years have shown the three cuttings of alfalfa harvested 
in one-half bloom to possess equal values for fattening. 

Subsequent digestion and metabolism studies reported in full in 
this paper supply further information pertaining to the nutritive value 
of the three cuttings, when each is harvested in the one-fourth, one- 
half, and three-fourths stages of bloom. 

REVIEW OF LITERATURE 

A brief survey has been made of literature pertaining to the stage 
of maturity, chemical composition, and feeding value and palatability 
of different cuttings of alfalfa. 

STAGE OF MATURITY 

Cottrell (9), Ten Eyck (39), Clarke (7) and Coburn (8) recommend 
cutting alfalfa in the one-tenth bloom stage for general purpose hay, 
McCampbell (28), of the Kansas station, found hay from alfalfa cut 
in full bloom to be most suitable for horses at hard work. On the 
basis of later work at that station (34) it is recommended to harvest 
first cutting alfalfa in the one-tenth bloom stage and to delay suc¬ 
cessive cuttings in the same season imtil the crop reaches full bloom 
or nearly so. 

Foster and Merrill at the Utah station (11), Harcourt in Canada 
(16), and Snyder and Hummel (37) at the Minnesota station favor 
the one-third stage of bloom. Freeman (12) observes that the one- 
fifth to one-third stage of bloom is best under Arizona conditions, 
while Voorhees (40) considers that the fourth bloom yields the best 
quality hay. 

1 Received for publication April 16,1927; issued October, 1927. Published with the approval of the Direc¬ 
tor of the Washington Agricultural Experiment Station as Scientific Paper No. 139, College of Agriculture 
and Experiment Station, State College of Washington, Pullman, Wash. 

* Thanks are due to Prof. H. Hackedorn, head of the Department of Animal Husbandry, for helpful sug¬ 
gestions; to H. P. Singleton, agronomist of the Washington Irrigation Branch Station, for supplying hay 
samples; and to the Division of Chemistry, in whose laboratory the writer did the analytical work. 

3 Reference is made by number (italic) to “ Literature cited, ’ * p. 381. 
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Hughes (21) at the Iowa station suggests cutting alfalfa when one- 
tenth to one-fourth in bloom, while Hunt (22) states that in irrigated 
regions the practice is to cut when one-tenth to one-third of the total 
flowers are formed.. He adds that the crop should be cut as soon as 
thejower leaves begin to turn yellow, regardless of the stage of bloom. 

Kiesselbach (23) at the Nebraska station notes that too frequent 
cutting results in weakening of alfalfa plants, and recommends the 
first-bloom stage for best hay. Bennett (5) also advises cutting 
when a few blooms appear over the field. At the Ohio station 
Williams and Kyle (43) observed injury to alfalfa from cutting too 
early before first bloom or from cutting too late after the crop was 
too mature. A similar observation is made by Porter and Dynes 
(32) in North Dakota, and Stewart (38) also points out that too early 
cutting is accompanied by too much danger to the stand.. 

Singleton (36) at the Washington station reported for a total of 
three cuttings average yields of 6.86, 6.71, and 5.83 tons of the three- 
fourths, one-half, and early-blooming stages, respectively. Cutting 
off new shoots did not affect the yield or hurt the stand. 

Russell and Morrison in Wisconsin (33) recommended the near¬ 
full-bloom stage for cutting alfalfa without getting the hay too coarse. 
Early cutting thinned the stand, weakened the plants, and permitted 
the encroachment of weeds. Cutting off crown shoots, contrary to 
common opinion, did not injure the stand. Headden (19) at the 
Colorado station also favors the full-bloom stage. 

According to Piper (31) the general practice in America is to cut 
alfalfa for hay shortly after the first blossoms appear, except for 
horses, in which case the full-bloom stage is considered best, as 
earlier cuttings generally prove too laxative. 

At the Michigan station (35) Shoesmith states that alfalfa should 
he cut when it begins to bloom and new shoots appear at the crown, 
while J. E. Wing ( 44 ) whites that usually when alfalfa is ready to be 
cut, it will be partly in bloom, sometimes being much more advanced 
than at other times. It is further suggested that alfalfa should be 
cut for hay whenever it is ready to make new growth. 

The preceding recommendations favor the early bloom stages, 7 
being in favor of the one-tenth bloom, 4 favoring the early bloom, 2 
the one-fourth bloom, and 4 the one-third bloom stage. "The work 
of the Wisconsin and Colorado stations appears to be at variance in 
that the full-bloom stage is favored. 

CHEMICAL ANALYSIS AND DIGESTIBILITY 

A surrey of the chemical composition of hays of the first, second, 
and third cuttings of alfalfa was made. Only the averages for 16 
determinations chosen from sources reporting three cuttings per year 
were used. The stage of maturity was not considered in averaging 
these data, since in many of the investigations just the cutting irre¬ 
spective of maturity is considered. For comparative purposes all 
determinations were recalculated to a 93 per cent dry-matter basis, 
this figure being used because it approximates the moisture content 
cd well-cured hays produced in the Yakima section of the State of 
Washington. The results of the survey are shown in Table 1. 
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Table 1.- 

-Average percentage composition of first, second , and third cuttings of 
alfalfa hay a 



[93 per cent dry-matter basis] 



Cutting 

protein ' Crude N '“- Ether 

UXX6.25,: tober : extract ' eitraet 

.. . ... 1 . 1 

Crude 

ash 

First . 

Second. 

Third. 


Per cent Per tent Per cent Per cent 

. 14.37 31.96! 35 55 1.94 

.. 14.24 33.49! 34.64 1. *4 

.—.- 14.21; 31.15 1 36.64 1.93 

Per tent 
9. IS 
8.79 

y, 07 


• This table was compiled from analyses obtained from the following references: /, p. 171; 11, p. 168, 
171, 174; 13, p 8; 17, p. 31-32; 18, p. 6 , 9; 20, app. Table II; 24, p. 31-87, 25, p. 7; 26, p. 10a; 30, p. 16, 
31-82; 41 , p. 74-75; £?, p.58. 


Since the average figures do not indicate the variations in composi¬ 
tion, the extremes are reported separately. For the first cutting the 
protein varied from 11.62 to 18.69 per cent; fiber from 26.32 to 42.46 
per cent: and the nitrogen-free extract from 27.09 to 39.99 per cent. 

The crude protein varied for the second cutting from 11.43 to 17.17 
per cent; crude fiber from 26.42 to 41.77 per cent, and nitrogen-free 
extract from 22,61 to 39.53 per cent. For the third cutting the 
variation in protein content was from 12.01 to 14.92 per cent; in 
fiber from 27.29 to 37.47 per cent; and in nitrogen-free extract from 
22.61 to 39.53 per cent. 

The average figures in Table 1 show very little difference in com¬ 
position of hays from the three cuttings of alfalfa. A much greater 
variation is secured in the separate determinations of each cutting. 

The average results of a survey of the digestion experiments with 
hays produced from the three cuttings of alfalfa when these were fed 
to ruminants are summarized in Table 2. 


Table 2.- —Average coefficients of digestibility of hay from three cuttings of alfalfa ° 


Cutting matter j 

Crude j 

protein 

(NX6.25) 

Crude Ni ft2f en ‘l 
! extract j 

Ether 

extract 

Crude 

ash 

Per cent 

First._. 60.45 

Second._. 61.79 

Third.; 55.82 

Per cent 
71.70 
75.90 
68.68 

Per cent Per cent ' 
43.23 1 72. 46 

44.42 ! 73.86 

38.35 68.25 

Per cent j 

j 37.63 

: 44.32 ! 

j 39.40 

Per cent 
49.24 
51.91 
44.13 


• The coefficients are averages of those reported in the following publications: 15, p. 26, 20, app. Table II; 
24, p. 31-37; 25, p. 28-29; 27, p. 16. 


The variations in coefficients from the different sources are not 
.great. The averages show second-cutting hay to be quite well 
digested. Markedly lower digestibility for the third-cutting hay 
can be noticed. From Tables 1 and 2 the content of digestible 
nutrients in the hays from three cuttings was computed. The 
results are shown in Table 3. 

Table 3. —Average digestible nutrients in first, second, and third cuttings of alfalfa 


! Crude 1 Crudfi 
Cutting —) 

Nitrogen- 

free 

extract 

Ether 

extract 

j Total 
digesti¬ 
ble nu¬ 
trients 

| Nutri- 
I tive ratio 

I no— 

Per cent Per cent 

First.! 10.30, 13.82 

Second. J 10.81 ' 14.88 

Third.....1 9.76 11.95 

Per cent 
25.76 
25.59 
25.01 

Per cent 
0.73 
.82 
.76 

Percent 1 
51.52 
53.13 
48.43 

i 

4.00 

1 3.90 

j 3.96 
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Table 3 shows that the third-cutting hay contains the least total 
digestible matter as well as the least digestible crude protein. It 
forms an excellent basis for later comparisons. 

FEEDING VALUE AND PALATABILITY 
; E-esults with Dairy Cows 

At the Utah Station (6) the second-crop alfalfa hay proved at 
least equal to the other crops for milk production. In all cases the 
cows took more readily to first and third-crop hay than they did 
to the second-crop hay, and at times were very reluctant about 
feeding on second-crop hay. 

Results with Sheep 

During the years 1922 to 1926 the lamb-feeding experiments at 
the Washington Irrigation Branch Experiment Station each year 
included studies with first, second, and third cuttings of northern 
grown common alfalfa hay, which were made at the one-half bloom 
stage of maturity. A daily ration of three-fourths of a pound of 
grain was fed each lamb in addition to all the hay it would consume. 
During one of these years wTieat was substituted for corn. Descrip¬ 
tions of the lambs, the experimental methods, and the three years 5 
results are reported in a previous publication ( 14 ). ^ The data in 
Table 4, which are based on four years of field work, fail to show any 
differences over such a period of time in the feeding results with 
different cuttings of alfalfa. There wus no great difference in con¬ 
dition of the lambs fed on different cuttings when they were ready 
for market. 


Table 4. —Comparative value of first, second, and third cuttings of alfalfa hay in 

feeding lambs 

[Figures are based upon 60-day experiments for four yearsl 


Number of lambs. 

Initial weight (pounds). 

Final weight (pounds)._ 

Total gain 60 days (pounds). - 
Average daily gam (pound).. 
Average daily ration: 

Grain fed (pound). 

Hay fed (pounds). 

Hay refused (pound). 

Feed required per cwt. gain; 

Grain (pounds). 

Hay fed (pounds). 

Hay refused (pounds) 
Hay consumed (pounds). 
Percentage of hay refused. 


Cutting of alfalfa hay 


Items 


I _ 

First 

! Second 

Third 

225 

175 

175 

, 69.11 

! 69.48 

70.08 

85.92 

85.84 

86.95 

16.81 

16.36 

16.87 

.282 

.275 

.283 

.75 

.75 

.75 

2.67 

2.65 

2.69 

.49 

.42 I 

.45 

268 

275 i 

267 

953 

972 

957 

175 

154 

160 

778 

818 

797 

18.36 

15.84 

16.72 


The lambs had access to good clean hay. It would naturally be 
assumed that the most palatable hay would be consumed in greatest 
quantities. However, Table 4 shows a uniform consumption of all 
three cuttings, so that the four-year study fails to reveal any great 
differences in palatability. In fact, had all three lots of lambs been fed 
the same cutting of hay, they might have been expected to show as 
great differences as were observed between the groups fed different 
cuttings. 
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During the first years trials two very uniform groups of lambs, 
each containing 50 head, were fed identical rations, with the result 
that differences in gains greater than those reported in the experi¬ 
ment covered by Table 4 were observed. The single results of each 
year show that during two years the feeding gains with second-cutting 
hay were slightly less than the average for all cuttings. The experi¬ 
ments during one year showed no difference between the feeding 
gains for second-cutting hay and those for other cuttings, whereas in 
experiments for another year second-cutting hay showed to best 
advantage. The results of lamb-fattening experiments with alfalfa 
fail to support the widespread belief that second-cutting hay is enough 
lower in nutritive value to be discriminated against in the open market. 

Results with Beef Cattle 

Work at the Utah station (80) shows that when steers were fed 
alfalfa with or without grain, the most rapid gains w T ere secured on 
the early-cut hay and the lowest on the late-cut hay, the rating being 
as follow's: Early cut hay 100, medium-cut hay 77, and late-cut hay 
68. A similar rating according to value of cutting for beef production 
showed first cutting as 100, second cutting 75, and third cutting 110. 
In respect to palatability as measured by pounds of hay actually 
eaten, first cutting was rated as 100, second 97, and third, 105. Later 
work at the same station (11) shows that the largest gains by tw r o- 
year-old steers were made from the early cuttings, and the lowest 
gains from the late cuttings, the results standing proportionately 100 
for early cut hay, 85 for medium-cut hay, and 75 for late-cut hay. 
The Utah results show r the highest feeding value for the third cutting 
and the lowest for the second, w'hich is in conformity with the earlier 
work. 

Work at Kansas (34) show's that the feeding value of alfalfa hay 
decreases materially as cutting is delayed, the best hay for feeding 
beef steers being secured at the bud stage and the poorest at the seed 
stage. 

PURPOSE OF THE INVESTIGATION 

This investigation w r as divided into four phases as follows: 

(1) A study of the composition of each of the three cuttings of 
northern-grown common alfalfa at three stages of maturity w~as made. 
Alfalfa of the first, second, and third cuttings was harvested in 1923 
and 1924, at the one-fourth, one-half, and three-fourths stages of 
bloom, these stages being determined as far as possible by bud and 
blossom counts. In addition to a study of the organic nutrients, 
studies of calcium and phosphorus were made. 

(2) Samples of alfalfa hay of the different cuttings and stages 
were fed to lambs receiving no other feed. Coefficients of digesti¬ 
bility for each of the nutrients in alfalfa hay were determined, and 
from these data the digestible nutrient content of the hay of each 
cutting was computed. 

(3) Nitrogen balance studies were undertaken with the view of 
determining at what stage of maturity of the alfalfa plant the protein 
is best utilized. 

(4) An interpretation of the nutrition studies in terms of acre yield 
was made. 
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METHOD OF EXPERIMENTATION 
GENERAL PROCEDURE 

The studies of each stage of maturity of the three cuttings were 
made in triplicate, two wethers and one ewe being used each time. 
After a 10-day preliminary period in which the experimental ration 
was fed, the lambs were put into the metabolism crates for 10 days, 
quantitative collection of feces and urine was made, and an accurate 
record of feed, water, and refuse hay kept. At the end of the 10- 
day experimental period the three lambs on test were given a 10-day 
rest, the other series of two wethers and one ewe being placed in 
the crates. In this manner the nine samples of hay collected in 
1923 and the nine in 1924 were tested during the spring of 1924. 
The same lambs used in studying the 1923 samples were fed the hay 
of 1924 and in the same order. This eliminates the factor of indi¬ 
viduality in comparisons of digestibility of similar hays produced in 
1923 and 1924. 

The age of the lambs within limits is not a great factor, inasmuch 
as normal lambs between the ages of 6 and 14 months digest feed 
equally well (8). In nutrition experiments it is easier to work with 
sheep than with cattle, and inasmuch as the results of digestion 
trials with sheep apply also to cattle in most cases, sheep were used 
in this test. H. P. Armsby (3) states that Wolff, in 1874, compared 
the results of about 40 German experiments on cattle and sheep, and 
Jordan and Hall have made similar comparisons of nine American 
experiments. On the basis of comparisons of this sort it has been 
generally considered that digestion coefficients obtained with one 
species of ruminants may be applied to others without material 
error. The sheep or goat has been the favorite experimental animal. 
As regards the better grades of roughages, it has been shown that the 
difference in digestive power between cattle and sheep is not marked 

METHOD OP SAMPLING 

All of the hay fed was first chopped into one-half and three-fourths 
inch lengths and thoroughly mixed and sampled (10) for analysis. 
All the feed for any 10-day experimental period was weighed into 
paper sacks at one time to equalize moisture changes. 

As the trials progressed the refuse hay was carefully collected and 
sampled. During the study of the 1923 samples some waste hay 
was collected during each trial, while in subsequent studies with hay 
of 1924 the lambs ate all the hay without waste. 

The metabolism crates were cleaned three times during each 10-day 
period and the feces of each lamb was collected quantitatively, 
placed in air-tight receptacles, and the complete sample mixed and 
sampled for study. The urine was collected daily and kept in stop¬ 
pered glass flasks over toluol. To prevent loss of ammonia, sulphuric 
acid instead of toluol was at first added to the samples. However, 
later study showed this to be unnecessary. 

LAMBS AND THEIR BODY WEIGHTS 

Six lambs sired by Hampshire rams and out of Lincoln-Merino 
ewes were selected from a band of range sheep. The different types 
were selected with care. Four of the lambs were wethers and two 
were ewes. The accompanying illustration (fig. 1) gives a fairly 
accurate idea of type. 
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These lambs were gradually accustomed to the metabolism crates 
until they could stand on the half-inch mesh-wire screen with prac¬ 
tically no discomfort. The lambs were normal and maintained good 
appetites throughout the complete series of experiments. During 



Fig* 1.—The sheep shown in vertical columns are those used in the two series of alfalfa-feeding 
experiments. The bottom horizontal row shows the ewe lambs, all others being wethers 

27 of the 10-day digestion periods the lambs gained weight, whereas 
they lost weight during 27 other periods. The average loss for the 
10-day periods was 2.5 pounds, and the average gain 2.34 pounds 
per lamb. The average weight of the lambs for the entire period 
was 82.36 pounds. 
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RATIONS FED 

The daily ration was fed in three equal portions, the consumption 
of chopped hay reaching 2.65 pounds (1,200 gm.). This quantity 
of feed contains 0.20 pounds of digestible crude protein and 1.25 
pounds of total digestible nutrients. Such a ration for lambs average- 
ing 82.36 pounds is a medium ration, well above the maintenance 
requirements. Two grams of salt were added to each feed of hay 
for which a correction was made. During the preliminary periods 
free access to salt was given. 

b The quantity of hay per lamb fed daily does not affect the digesti¬ 
bility (3) when alfalfa alone is fed. However, in mixed rations 
with grains, the heavier rations are generally less digestible. 

The lambs drank 2.37 pounds of water for every pound of hay 
they consumed. This figure includes evaporation. During the 
warmer months of July and August, the figure was increased to 3.03 
pounds of water. 

ANALYTICAL PROCEDURE 

Analyses of feed, feces, and urine were made as the experiment 
progressed, by methods of analysis adopted by the Association of 
Official Agricultural Chemists (4). The phosphorus and calcium 
content of the hay was also determined. 

CHEMICAL ANALYSIS OP PEED SAMPLES 

The chemical composition of hay samples which were fed to the 
lambs during the digestion trials is reported in a succeeding table 
based on averages for the two years. Another table stressing the 
cutting rather than the stage of bloom is added. The calcium and 
phosphorus content of the samples was determined and is given in 
Table 7. 

The composition of the samples of 1923 indicates that there is no 
marked difference in the hay at one-fourth and one-half bloom stages. 
At the more mature stage of three-fourths bloom, the hay contains 
less protein and is somewhat higher in fiber. The first cutting at 
the one-fourth bloom stage contained only 29.53 per cent fiber in 
contrast to 40.23 per cent in the third cutting at the three-fourths 
bloom stage v The third cutting contained only 8.86 per cent of 
protein. This particular cutting was harvested late in the season 
and was produced in cooler weather and seems out of line with*the 
rest of the hays. 

The analyses of hay samples of 1924 agree in general with those 
of 1923. There seems to be no clear-cut relationship between 
fiber content and maturity in the individual samples. At the one- 
half and three-fourths bloom stages the second and third cutt in gs 
contain more fiber. The third cutting at the three-fourths bloom 
stage again has a low protein content. Averages of all three cuttings 
at any particular stage show that in 1924 a progressively lower 
protein content was found in the hays as maturity progressed. The 
data for ether extract and ash are quite variable. 

* 1rH/* ata ty f° y ears k ave been averaged and are included 

in I able 5. This table brings out in somewhat sharp relief the fact 
that the protein content of the hays decreases as the plant matures, 
w^pie the fiber m turn increases. 
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Table 5. —Average composition oj first , second , and third cuttings of alfalfa hay 
when the plant is cut at the one-fourth, one-half, and three-fourths stages oj 
bloom a 

[Reduced to a 93 per cent dry-matter basis, samples o" 1923 and 1924] 


Cutting 

Crude 1 
protein 
(NX6.25; 

Crude Xlt , r "f n - 

fiber • extract 

1 

Ether ; 
extract 

Crude 

ash 

One-fourth bloom stage: 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

First,....... 

11.78 , 

31.96 

40.16 

2.20 

6.90 

Second....... 

13.40 

35.22 

34.02 

.97 

9.40 

Third...... 

13.96 

36.08 

33.22 

1 04 

8.72 

Average....... 

13.0a | 

34.42 

35 80 

1.40 

8.34 

One-half bloom stage- 






First.. 

12.07 ’ 

35 20 

37 43 

.88 

7.43 

Second.... 

12 98 1 

35.32 

36 07 

1.27 

! 7.68 

Third...... 

12.37 ; 

36.21 

34.9$ 

1.22 

| 8.23 

Average...— 

12 47 , 

35. 51 

36.16 

1.12 

J 7.75 

Three-fourths bloom stage: 

First...... 

il36 : 

34.76 

38.60 

1. 60 

1 

i 6.69 

Second..... 

11.29 , 

37.77 

33.84 

1.06 

9.04 

Third.... 

9.06 ! 

38.59 

36.42 

.79 

, 8.16 

Average..... 

10.57 | 

37.04 

36.29 

1.15 

7.96 


° Analysis based on stage of bloom at which hay is cut. 


A regrouping of the data contained in Table 5 according to cuttings 
rather than stages of bloom, is reported in Table 6. The two years 5 
data show that ordinarily the first cutting is somewhat lower in 
protein than the second and third cuttings at the one-fourth and 
one-half bloom stages. However, as the alfalfa is permitted to 
mature the differences become less, and the poorest protein hay is 
secured with the third cutting made at the three-fourths bloom stage. 

Table 6 . —Average composition of first, second, and third cuttings of alfalfa hay 
when the plant is cut at the one-fourth, one-half, and three-fourtks stages of 
bloom a 

[Reduced to a 93 per cent dry-matter basis, samples of 1923 and 1924] 


Stage of bloom 

i 

Crude 
protein 
(NX 6.25) 

Crude 

fiber 

Nitrogen- 

free 

extract 

Ether [ 
extract i 

! 

Crude 

ash 

First cutting: 

Per cent 

Per cent 

Per cent 

Per cent - 

Per cent 

One-fourth... 

11.78 

31.96 

40.16 

2.20 1 

6.90 

One-half.....-.- 

12.07 

35.20 

37.43 

.88 

7.43 

Three-fourths...... 

11.36 

34, 76 

38.60 

1.60; 

a 69 

Average..i 

1L 74 

33.97 

38.73 

j 1.56 i 

7.01 

Second cutting: ! 






One-fourth. 

13.40 

35.22 

34.02 

.97 

9.40 

One-half. 1 

12.98 

35.12 

36.07 

L27 ! 

7.58 

Three-fourths. 

11.29 

37.77 

33.84 | 

1-06 

9.04 

Average. 

12.56 

36.04 

34.64 

1.10 

8.67 

Third cutting: 






One-fourth... 

13.96 

36.08 

33.22 

1.04 

8.72 

One-half... 

12,37 ! 

36.21 

34.98 

1.22 

8.23 

Three-fourths..... 

9.06 

38.59 

36.42 

.79 

8.16 

Average...-. 

11.80 

36.96 

34.87 

1.02 

8.37 


•Analysis based on cutting of hay. 


56184—27-6 
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The averages for the first, second, and third cuttings in the pre¬ 
ceding table when compared with the data of Table 1 show that the 
hays studied contain somewhat less protein and more fiber than 
would be expected. Somewhat less ether extract and ash was found 
in these samples. The calcium and phosphorus content of the same 
hay samples under discussion was determined. The results of these 
determinations are contained in Table 7. 

Table 7. —Per cent calcium and phosphorus contained in alfalfa hay studied 


[7 per cent moisture basis] 


Cutting 

Calcium 

Phosphorus 

1923 

1924 

Average 

1923 

1924 

Average 

One-fourth bloom- 

Per cent 

Per cent 

Per cent 

Per cent 

1 

Per cent 

1 

Per cent 

First. 

1. 371 

1,234 

1. 302 

0.164 

0.145 

0.154 

Second.. 

1.331 

1.025 

1. 178 

.203 

.177 

.190 

Third.-. 

1.174 

1.416 

1.295 

.148 

.218 

.183 

Average. 

1 292 

1.225 

1.258 

.172 

.180 

.176 

One-half bloom: 





: 


First. 

1. 610 

1.347 

1. 478 

.162 

.145 

.154 

Second.. 

1. 392 

1.196 

1. 294 

.190 

.169 

.180 

Third.. 

1. 354 

1.546 

1.450 

.176 

.114 

.145 

Average... 

1. 452 1 

1.363 ! 

1.407 

.176 

.143 

.160 

Three-fourth bloom- 







First.. 

1. 449 

1.326 

1. 388 

.138 

.165 

.152 

Second___I_ 

1. 352 

1.189 1 

1.270 

.142 

.126 

.134 

Third.-... 

1.312 

1.240 

1.276 

.093 

.106 

.100 

Average... 

1. 371 

1.252 

1.311 

.124 

.132 

.129 


The calcium content of alfalfa is seven to eleven times greater than 
its phosphorus content. Plants cut at the one-half bloom stage 
contain more calcium than similar samples of alfalfa cut at the one- 
fourth and three-fourths stages of bloom. The data fail to show any 
significant relationship between the number of the cutting and cal¬ 
cium content. The results with samples of 1923 show that first 
cutting at any of the stages contains more calcium than the second, 
and the second more than the third. Results for 1924 show that the 
first cutting contains more calcium than any of the others at the 
three-fourths stage of bloom only. At all three stages of bloom that 
year the second cutting contained less calcium than the third. 

The results with phosphorus are quite variable and no conclusions 
seem warranted in respect to the number of the cutting and phos¬ 
phorus content. The peculiarly low phosphorus content of the third 
cutting made at the three-fourths stage of bloom is quite striking in 
view of the fact that it is also low in protein. Much nutritive value 
is lost by the hay crop when it is leached by rain or dews. At Ohio 
(2) it was demonstrated that 50 per cent of the nitrogen, 75 per cent 
of the phosphorus, 90 per cent of the potassium, and 40 per cent of 
the calcium, can be leached out of the hay crop by artificial means. 

The calcium and phosphorus content of alfalfa hay is of consider¬ 
able interest to the feeder. Alfalfa cut at the one-half bloom stage 

S ’elds most calcium from its three cuttings, while the one-fourth 
oom stage is richest in phosphorus. It is recognized that the con- 
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tent of the mineral elements in any feed is not the only indicator of 
its value in supplying minerals for body functions. Sunlight and one 
or more of the vitamins are intimately associated with the utilization 
of these mineral elements. 

CHEMICAL ANALYSIS OF FECES 

The average analysis of the feces from the first 27 digestion trials 
when hay samples of 1923 were fed are reported separately from the 
average of the second series of 27 digestion trials, during which period 
samples of 1924 were fed. For comparative study the figures were 
computed to the average moisture content of all feces studied. These 
figures are shown in Table 8. 

Table 8 . —Average composition of feces when lambs were fed chopped alfalfa hay 


1 

Series 

Crude 
Water protein 
(NX6.25) 

Crude 

fiber 

a 

III 

r_ s 

Ether 
extract 1 

Crude 

ash 

First..... 

| 

Per cent \ Per cent 1 
58.42 i 4.45 

Per cent 
18.11 

Percent 
12.50 

Percent : 
1.11 , 

Per cent 
5.37 

Second.... 

58. 42 i 4. 25 t 

18. 72 

j 11.45 ' 

! _1 

1.86 ! 

5.30 


J i 


Each lamb excreted on the average 3.05 pounds of feces per day per 
100 pounds live weight, when a medium ration of chopped alfalfa 
hay was fed. For every pound of dry matter actually consumed, 
0.47 pound of fecal dry matter was excreted, which is equal to 1.13 
pounds of feces, with an average moisture content of 58.42 per cent. 

The digestion trials show that an average of 44.79 per cent of the 
consumed organic matter in the form of alfalfa hay is excretedln the 
feces. Minimum and maximum figures of 28.91 and 59.88 per cent 
were noted. 

COEFFICIENTS OF DIGESTIBILITY 

When the results of ordinary digestion experiments are corrected 
for nitrogenous and other excretory products found in the feces, an 
approximation of true digestibility is obtained. Armsby (3) states 
that the intestinal products found in the feces are, in effect, part of 
the cost of digesting the feed. He states that they represent the 
“wear and tear” of the digestive organs. The difference, then, be¬ 
tween feed and feces will show the net gain to the animal from the 
digestiomof the feed. From this point of view one may speak of the 
digestibility as ordinarily determined as the apparent digestibility . 
The subsequent studies are based upon coefficients of apparent 
digestibility. 

The results of a single digestion trial are reported in detail in 
Table 9. Fifty-four such experiments form the basis of the digest¬ 
ibility studies, but lack of space precludes their tabulation in full. 
The tables of average coefficients of apparent digestibility bring out 
in full detail the results of these experiments. 
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Table 9 . —Results of trial 1 secured with wether lamb No. 389. The first cutting 
of 1923 in the one-fourth bloom stage was fed for 10 days 



Dry 

matter 

Crude 

protein 

Crude 
fiber 
(NX 6.25) 

Nitrogen- 

free 

extract 

Ether 

extract 

Organic 

matter 

Alfalfa hay fed (grams)... 

10, 646 

1,427 

3,380 

4,675 

418 

9,900 

Alfalfa hay refused (grams)..... 

790 

76 

341 

326 

16 

749 

Total hay consumed (grams). 

9,847 

1,351 

3,039 

4,349 

402 

9,151 

Feces (grams).... 

3,717 

393 

1,592 i 

1,066 

74 

3,125 

Total digested (grams). 

6,130 

958 

1,447 

3,283 

328 

6,026 

Coefficients of digestibility. 

62 

71 

48 

76 

82 

66 


Since all the feed for any 10-day digestion trial was weighed into 
paper sacks at one time, a very accurate determination of the dry- 
matter intake was possible. The feed rack shown in Figure 2 was so 
constructed that all feed scattered by the lambs could be recovered. 
The urine was also collected quantitatively, and its nitrogen content 
serves as the basis of subsequent nitrogen-metabolism studies. 

The coefficients of digestibility represent, by a single number, 
results of many complex physical and chemical changes. In a subse¬ 
quent table these coefficients are reported as whole numbers, since 
even the whole numbers are at best only relative. 

The negative coefficients for ether extract signify that the fecal 
ether extract exceeded that contained in the feed consumed. Only 
anhydrous ether was used in the determinations. Many of the bile 
salts are soluble in ether and for that reason even the positive 
coefficients of digestibility are not reliable. Inasmuch as consider¬ 
able ash is excreted in the large intestine, fecal ash is made up of 
indigestible ash as well as excretory ash. For that reason digestion 
studies with ash are meaningless and are not reported. 

The dry matter of first-cutting hay is digested better than the dry 
matter of either of the other two cuttings, at all three stages of matur¬ 
ity. The protein of the third-cutting hay is not digested as well as 
that of the first and second cuttings. At the three-fourths bloom 
stage the digestibility of protein is 30 per cent less than for the other 
two cuttings, and a considerably lower digestibility of the dry matter 
and fiber is noted. 

The results for 1924 show a lower digestibility for dry matter and 
crude fiber than do those of 1923. Lambs consumed the 1924 hay 
completely, while some stems remained in the feed troughs during 
each trial when the hays of 1923 were fed. The intake of fiber per 
lamb therefore was greater in the first case and helps explain the 
somewhat lower digestion coefficients. The coefficients for the third 
cutting feeding experiments at the three-fourths bloom stage are not 
as much out of line as those secured for the identical stage produced 
in 1923. 

The results for the two years were averaged and are summarized 
in Table 10. 

The table shows that at the one-fourth and one-half bloom stages 
there is no marked difference in the digestibility of dry matter. 
This is true also of the first and second cuttings made at the three- 
fourths bloom stage. However, the third cutting at the three- 
fourths bloom stage appears to have a much lower digestibility. A 
coefficient of 46, which is the average of six determinations, appears 
to be 9 and 6 points lower than the coefficients for first and second 
cuttings, respectively. 











Aug. is, 1927 Relation of Maturity to Nutritive Value of Alfalfa 373 


Fig. 2.—A, Metabolism crate with the feed rack in place. B, An open view of the same 
crate. C, Type of screens used in the construction of these crates 
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Table 10 .—Average coefficients of apparent digestibility secured with irrigated 

' alfalfa hay 


[Produced m 1923 and 1924 °j 


Cutting 

I 

i Dry 

1 matter 

i 

Crude 

protein 

(NX 

6.25) 

Crude j 
fiber 

Nitro¬ 

gen- 

free 

extract 

Ether 

extract 

1 

Organic 

matter 

One-fourth bloom stage: 



40 


1 

28 


First----- 

54 

62 

68 

57 

Second.....-. 1 

55 

68 

48 

63 

-39 

56 

Third.-...--- 

54 

67 

46 

64 

4 

56 

Average. - - _ ... .....I 

54 

66 

45 

65 


56 

One-half bloom stage* 



First___-... 

58 

66 

52 

68 

-38 

60 

Second...... 

54 

6 y 

44 

64 

14 

56 

Third. ...... 

53 

62 

47 

67 


54 

Average_____i 

55 

66 

48 

66 


! 57 

Three-quarter bloom stage. 


First..------- 

55 i 

62 

45 

67 

38 

58 

Second...... 

52 

60 

44 

62 

-6 

53 

Third.-...... 

46 

45 

38 

64 


46 

Average... 

51 

56 

42 

64 


52 


1 


o Each stage of maturity was studied in triplicate, so that each coefficient in the table is the average of 
six determinations. 


The digestibility studies with crude protein, favor the one-fourth 
and one-half bloom stages. These appear to produce hay of a pro¬ 
tein content that is equally well digested. However, at the three- 
fourths bloom stage protein of first and second cuttings is similarly 
digested, the coefficients for these cuttings being 62 and 60, respec¬ 
tively. The third cutting at this stage has a coefficient of only 45. 
It is true that this third cutting, made so late in the season, is subject 
to cooler temperature, more humidity during its growth, and a 
greater leaf loss during its curing period. A tougher fiber seems to 
develop also, which appears to exert a secondary influence in 
depressing the digestibility of protein and other nutrients. 

The fiber at the one-half bloom stage is better digested than at 
the one-fourth bloom stage, although the difference is not great. 
At the three-fourths bloom stage, particularly in the third cutting, 
the fiber seems to be tougher in nature and lower coefficients are 
noted. The third cutting which gives a coefficient of 38, ranks 
last, the firsthand second cuttings at the three-fourths bloom stage 
having coefficients of 45 and 44. 

The nitrogen-free extract is apparently equally well digested at 
all three stages of bloom. 

DIGESTIBLE NUTRIENTS OF ALFALFA HAY 

The difference in digestible nutrients in the hays of 1923 and* 1924 
can be explained partly on the basis that some stems were not con¬ 
sumed by the lambs fed the hays produced in 1923, while in sub¬ 
sequent trials the lambs consumed their feed completely. In such 
cases the waste stems were analyzed and their nutrient content 
subtracted from the nutrients in the hay fed. The hay actually 
consumed was more digestible per unit ’weight than if no stems had 
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been wasted; however, the waste was small and fairly uniform for 
each trial, and the relative digestibility of the different samples should 
not be greatly affected. 

A comparison of the two years’ results shows a lower digestibility 
of dry matter in 1924. The third cutting of 1923 made at the three- 
fourths stage of bloom is shown to possess low nutritive value, being 
especially low in digestible crude protein and total digestible nutrients. 
A similar cutting produced in 1924, although rather low in digestible 
protein, contained as much digestible nutrients as any of the cuttings 
produced that year. 

Averages for all three cuttings produced in 1923 show that hays 
of almost equal nutritive value are produced at the one-fourth and 
one-half bloom stages, but that delaying cutting until the three- 
fourths stage of bloom lowers the nutritive value. 

The 1924 average results show that the one-fourth bloom stage of 
maturity is to be preferred when hays with a high protein content 
are desired. Progressively less digestible protein is found in the 
hays produced from plants in the one-half and three-fourths stages 
of bloom. However, the greatest quantity of total digestible nutri¬ 
ents is secured when the hay is cut at the one-half bloom stage. 

The average results (Table 11) based on two years’ work show 
that a high content of digestible crude protein is secured at the one- 
fourth bloom stage, and a rather lower protein content b 3 r permitting 
the plants to mature. At the one-half bloom stage the plants 
produce a hay that contains the maximum of digestible nutrients. 


Table 11 , —Digestible nutrients per 100 pounds when alfalfa is cut at the one- 
fourth , one-half , and three-fourths bloom stage 

[Average of 19215 and 1924] 


Cutting 


One-fourth bloom stage: 

First.... 

Second.-. 

Third. 

Average. 

One-half bloom stage: 

First... 

Second. 

Third. 

Average.. 

Three-fourths bloom stage: 

First. 

Second.. 

Third. 

Average. 


Dry 

matter 

Crude 
protein 
(NX 6.25) 

Crude 

fiber 

Nitrogen- 

free 

extract 

! 

Ether 

extract 

Total 

digestible 

nutrients 

49.76 

7.35 

12.56 

27.37 

1.49 

50.63 

51.15 

9.04 

16.92 

21.39 


47.35 

50.68 

9.50 

16.48 

21.15 

.19 

47.57 

50.53 

8.63 

15.32 

23.30 


48. 52 

53.94 ! 

7.98 i 

38.32 

25.22 


51.52 

49. 76 

8,94 

15.48 

23.14 

, 18 

! 47.96 

49.29 

7. 74 

17.10 

23.38 

i .12 

4a 51 

51.00 

8.22 

16.97 

23.91 

1 __ 

5 49.33 


51.15 

6.98 

15.73 

25.85 

i .66 

i 50.03 

47.90 

42.32 

6.82 

4.08 

16.40 

14.43 

21,15 
23.56 

j ,01 

| 44.40 

' 42.07 


47.12 

- 5.96 

15.52 

23.52 


j 45,50 



Table 12 is a rearrangement of the data reported in Table 11 and 
aims to bring out differences between first, second, and third cuttings, 
rather than to emphasize the stages of maturity. The table shows 
that although first-cutting hay ranks only second in digestible crude 
protein, it excels the others in digestible nutrients. Second-cutting 
hay contains the highest average content of digestible crude protein. 
The average data when compared with that in Table 3 show a lower 
content of digestible crude protein and total digestible nutrients. 
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Table 12. —Digestible nutrients per 100 pounds in first, second, and third cuttings 
of alfalfa hay when cut at the one-fourth, one-half and three-fourths stages of bloom 


[Averages of 1923 and 1924 experiments] 


Stage of bloom 

T) r v > Cru<ie 

matter J (^x6.23) 

1 

Crude 

fiber 

Nitrogen- 

free 

extract 

Ether 

extract 

Total 

digestible 

nutrients 

First cutting: 

One-fourth... 

One-half. .. 

49.76 
53.94 
51.15 

7.35 

7.98 

6.98 

12.56 

18.32 

15.73 

27.37 
25.22 
25.85 

1.49 

50.63 
51.52 
50.03 

Three-fourths. 

Average _ . 

.66 

51.62 j 7.44 

15.54 

26.15 

. 

50.73 

Second cutting: ! 

One-fourth.. „ .. \ 


51.15 
49.76 
47.90 

9.04 
8.94 
6.82 

16. 92 

1 15.48 

1 16.40 

21.39 

23.14 

21.15 


47.35 
i 47.96 

44,40 

One-half__ 

Three-fourths...i 

Average... .: 

.18 

.01 

49.60 1 8.27 | 16. 27 

21.89 


46.57 

Third cutting: ! 

One-fourth.. 

One-half_ ; 

Three-fourths.1 


50 68 ! 9. 50 

49.29 I 7.74 

42.32 , 4. 08 

16.48 
17.10 
14.43 

21.15 
23.38 
23.56 

.19 

.12 

47.57 

48.51 

42.07 

Average.. ____ 

47.33 7.11, 16.00 

22 70 


46.05 

] 



The average figures for the third cutting are considerably lower 
because of the third cutting made at the three-fourths stage of bloom, 
which appears to be out of line with the rest of the hays. 

The digestible nutrients per ton reported in Table 13 are of interest 
to the stockman who must buy hay in the open market. The 
table shows that fust-cutting alfalfa contains the largest quantity 
of digestible nutrients per ton, while the second cutting is richer in 
digestible protein. The average results for the third cutting are 
considerably lowered, due to the inclusions of the late third cutting 
in the three-fourths stage of bloom. With this stage omitted from 
the averages, third-cutting hay compares favorably with second- 
cutting hay. 

When the average of digestible nutrients at all the stages of first 
cutting are considered as 100 per cent, second cutting rates 92, and 
third cutting 91 per cent. (See Table 13.) 


Table 13. —The nutritive value of a ton of alfalfa hay as affected by the stage of 
maturity of the plant and the number of the cutting 

[ Digestible nutrients in pounds per ton, basis of two years’ results] 


Stage of bloom 

Dry 

matter 

Crude 
protein 
(NX 6,25) 

Crude 

fiber 

Total 

digestible 

nutrients 

First cutting. 





One-fourth..... 

995 

147 

251 

1,013 

One-half--... 

1,079 

160 

366 

1,030 

Three-fourths.-. 

1,023 

139 

315 

1,001 

Average.-. 

1,032 

149 

— 3U 

1,015 

Second cutting: 

One-fourth... .1 





1 1,023 

181 j 

338 

947 

One-half. 

995 

179 

320 

959 

Three-fourths. 

958 

136 

328 

888 

Average... 

992 

165 

329 

931 

Third cutting: 


i 



One-fourth. 

1,014 

190 

330 

951 

One-half.. 

986 

155 1 

342 

970 

Three-fourths... 

S46 

82 i 

289 

841 

Average. 

949 

142 

320 

921 
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YIELD OP DIGESTIBLE NUTRIENTS PER ACRE 

At the Washington Irrigation Branch Station (36) yield records 
kept over a period of six years show that when alfalfa is cut in the 
three-fourths bloom stage a maximum tonnage of air-dried hay 
to the acre is secured. However, the one-half bloom stage is a close 
second, and is given preference, since cutting alfalfa at the three- 
fourths stage of bloom prolongs the growing season so that the third 
cutting is produced under less favorable growing conditions. As a 
result the yield of this last cutting is lowered considerably. Cut¬ 
ting at the one-fourth bloom stage seems impractical in view of the 
lower yields. The six-year average shows the yield per acre for all 
three cuttings to be 5.83, 6.71, and 6.86 tons at the one-fourth, 
one-half, and three-fourths stages of bloom, respectively. 

On the basis of these yield records and the digestion experiments, 
the digestible nutrients per acre have been computed and are shown 
in Table 14. 

Table 14 .—Digestible nutrients produced per acre of alfalfa by three cuttings at the 
one-fourth , one-half , and tkree-fourtks stages of bloom 


[Based upon digestion trials with two years’ study of hay samples, and six-year yield data] 


Cutting 

Air- 
dried 
hay « 

Digestible nutrients per acre 

i 

D 1 Crude 

natter , Pronin 

matter ; ( SX6.25) 

1 

Crude 

fiber 

Nitrogen-1 
free ex¬ 
tract I 

Ether 

extract 

Total 

digestible 

nutrients 

One-fourth bloom stage: 

Pounds 

! 

Pounds ; 

Pou nds 

Pounds 

Pounds ' 

Pounds 

Pounds 

First___ 

4,180 

2,080 

307 

525 

1,144 I 

62 

2,116 

SeeondL._-A-.__,___ 

4,000 

2,046 : 

362 

677 

856 i. 


1,894 

Third.- 

3,480 

1,764 ; 

331 

574 

736 , 

7 

1,655 

Total. 

11,660 

5,890 | 

1,000 

1,776 

2,736 . 

5,665 




One-half bloom stage: 


. 






First___- 

5,320 

2,870 

425 

975 

1,342 ! . 


2,741 

Second,..... 

4, 460 

2,219 ; 

399 

690 

1,032 ! 

8 

2,139 

Third.... 

3,640 

1,794 ! 

282 

622 

851 ; 

4 

1,766 

Total__ 

13,420 

6,883 

1,106 

2,287 

* 3,225 i. 


6,646 



Three-quarter bloom stage: 


i 



i 



First. 

| 5,800 

2,967 ! 

405 

912 

1,499 , 

38 

2,902 

Second. 

! 5,060 

2,424 1 

345 

830 

1,070 

1 

X 247 

Third. 

2,860 

1,210 I 

117 

413 

674 . 


1,203 






Total___ 

13,720 

6,601 j 

867 

2 , 155 ; 

3,243 j. 


6,352 





• Washington Bulletin 209 ( 88 , p. 14 , Table 4 ), recomputed in pounds. 


The digestible crude protein per acre of alfalfa is quite variable and 
is influenced by the number of the cutting and the stage of maturity 
of the plant. Only 117 pounds of digestible crude protein was pro¬ 
duced to the acre in the third cutting of alfalfa harvested at the three- 
fourths stage of bloom, while a maximum of 425 pounds was secured 
with the first cutting in the one-half bloom stage. The first cutting 
at the three-fourths bio dm stage produced 405 pounds. 

The yield of hay in pounds to the acre appears to have no relation¬ 
ship to its content of digestible crude protein, and in several instances 
the lower yields of hay contained a larger quantity of this valuable 
nutrient. The maximum total protein production to the acre, based 
on all three cuttings, is secured at the one-half bloom stage of matur- 
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ity, the yield being 1,106 pounds. At the one-fourth bloom stage of 
maturity all three cuttings produced 1,000 pounds. The difference 
is not great, but the one-half bloom stage is to be preferred because 
it also yields a greater quantity of total digestible nutrients. 

The production of digestible nutrients to the acre is of especial 
interest, since recent studies with dairy cows {29) indicate that exist¬ 
ing figures of total digestible nutrients of feeds are a very good meas¬ 
ure of the relative value of such feeds as sources of nutritive energy 
under practical conditions. 

The highest seasonal yield of total digestible nutrients was secured 
at the one-half bloom stage, the three-fourths bloom stage ranking 
second. From the standpoint of total yield of hay, yield of digestible 
nutrients, and yield of digestible crude protein, it seems impractical 
to cut alfalfa at the one-fourth stage of bloom under the conditions of 
irrigation farming in the Yakima Valley. 

The first cutting of alfalfa at the three-fourths bloom stage yielded 
the maximum of total digestible nutrients. However, the third cut¬ 
ting at this stage yielded less than half as much as the first. Second- 
cutting hay produces more total digestible nutrients and digestible 
crude protein than the third cutting at all stages. 

Table 14 shows that the one-half bloom stage of maturity of the 
alfalfa plant is to be preferred to the earlier and later stages in respect 
to the yield of the several digestible nutrients. 

YIELD OF CALCIUM AND PHOSPHORUS PER ACRE AND PER TON 

OF HAY 

The calcium and phosphorus content in the three cuttings of alfalfa 
cut for hay in different stages of maturity is not only of general inter¬ 
est to the livestock man, but also to the hay grower concerned in 
knowing how much of these elements are removed from his soil when 
the hay crop is sold to be fed elsewhere. 
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Table 15 shows that at the one-fourth bloom stage all three cuttings 
contained 146.61 pounds of calcium. Yields of 189.12 and 181.25 
pounds at the one-half and three-fourths bloom stages were secured. 
From the standpoint of total calcium yield per acre the one-half 
bloom stage is recommended. This is true for phosphorus also. 
The third cutting made at the three-fourths stage of bloom is quite 
deficient in calcium and phosphorus in comparison with the other 
hays. The one-half bloom stage of maturity also shows up to best 
advantage when the calcium and phosphorus content per ton of hay 
is computed, as seen in Table 15. 

The conclusion that the hay highest in calcium is the best for live¬ 
stock feeding is not warranted. It is the hay from which most cal¬ 
cium is assimilated that is of most value in bone development and 
milk production; and maximum calcium assimilation seems to depend 
upon the presence of the antirachitic vitamin contained either in the 
hay itself or in feeds fed with the alfalfa hay. Furthermore, there 
seems to be a relationship between the care taken in curing the hay 
and the antirachitic factor. The utilization of calcium from the 
different hays was not studied. Calcium and phosphorus balance 
studies would be a valuable addition. However, in a properly con¬ 
stituted ration the alfalfa hay higher in calcium is to be preferred. 

NITROGEN METABOLISM STUDIES 

In Table 16 the column headed “Nitrogen stored per 100 pounds 
live weight” is used for comparative purposes rather than the nitro¬ 
gen balance column, since in the former the weight factor is eliminated. 
The column “Per cent of intake stored” is of value only when the 
intake of nitrogen per unit of live weight is constant for all lambs. 
Lambs utilize protein for tissue development in growth and for 
cellular expansion in fattening, and some protein is used for repair 
of protein tissue. When all these demands are supplied the excess 
nitrogen is excreted. For that reason the greater the intake of pro¬ 
tein above this requirement, the lower is the percentage utilization 
of the protein. 

Averages of nitrogen-balance studies with alfalfa-hay samples 
grown in 1923 and 1924 are reported in Table 16. The single year’s 
data are not reported. Three determinations were made each year 
and the results averaged, so that each figure in the table represents 
the average of six determinations, except when otherwise specified. 

The average of two years’ data shows that if all three cuttings are 
made at the one-fourth bloom stage the largest utilization of nitrogen 
is secured. The half-bloom stage ranks second -while the three- 
fourths bloom stage is last. The same is true in respect to the 
nitrogen stored per 100 pounds live weight, which affords a truer 
basis of comparison in cases in which quite striking differences may 
be noted. In this respect the results show that the nitrogen utiliza¬ 
tion of the hay from less mature plants is markedly higher than 
that from the more matfire plants. It decreases progressively as 
the plants mature. 

The purpose of the preceding discussion was to show in what man¬ 
ner the stage of maturity of the alfalfa plant affected the protein utili¬ 
zation when hays of varying degrees of maturity were fed to lambs. 
A rearrangement of the data with a view to comparing first, second, 
and third cuttings was made, and Table 17 contains these results. 
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Table 16 .—Average results of nitrogen metabolism studies with alfalfa hay fed to 
lambs at various stages of maturity 

[Hay was produced m 1923 and 1924. Totals are for average 10-day period] 


Cutting 

Initial 
weight 
of lambs 

Intake of 
nitrogen 
m feed 
per head 

Outgo of 
nitrogen 
in feces 
per head 

Outgo of 
nitrogen 
m urine 
per head 

Balance 

of 

nitrogen 

Nitrogen 
stored 
per 100 
pounds 
live 
weight 

Intake of 
nitrogen 
stored 

One-fourth bloom stage: 

Pounds 

Grams 

Grams 

Grams 

Grams 

Grams 

Per cent 

First... 

71.68 

202.29 

76.58 

75.44 

50.27 

71.95 

24.72 

Second__— 

84.00 

241.49 

78 77 

113.28 

49.41 

58.97 

20.41 

Third. 

85.42 

242.25 

75.93 

98.86 

* 73.22 

« 85.60 

28.68 

Average.. 

80.37 

228.67 

77. 09 

95.86 

57.63 

72 17 

24.60 

One-half bloom stage. 






47.29 

17.20 

First.... 

78.04 

215.71 

73. 50 

104 73 

37.47 

Second. 

82.54 

239.69 

74. 98 

89.08 

75.63 

93 06 

31.77 

Third. 

86.17 

218.90 

82.69 

90.07 

46.17 

53.85 

19.29 

Average.-. 

82.25 

224.77 

77.06 

94.63 

53.09 

64.73 

22.75 

Three-fourths bloom stage: 








First.! 

78.67 

202.24 

77.29 

79.62 

45.34 

57.26 

22.32 

Second...1 

86.67 

199.06 

78. 88 

80.93 

39.24 

46.13 

19.55 

Third. 

88.08 

157.74 

87.02 

43.71 

• 33.57 

a 39. C7 

a 21.77 

Average. 

84.47 

186.35 

81.06 

68 08 

39.38 

47.48 

21.22 


« Average of 5 determinations. All other figures are averages of 6 determinations, 3 with hays of 1923 
and 3 with hays of 1924. 


Table 17 .—Average results of nitrogen metabolism studies with alfalfa hay pre¬ 
pared from plants at the one-fourth , one-half , and three-fourths stages of bloom } 
arranged according to cuttings 

[Hays produced in 1923 and 1924. Total for average 10-day period] 


Stage of bloom 

Initial 
weight 
of lambs 

Feed in 
take of 
nitrogen 
in feed 
per head 

Outgo of 
nitrogen 
in feces 
per head 

Outgo of 
nitrogen 
in urine 
per head 

Balance 
of nitro¬ 
gen 

Nitrogen 
stored 
per 100 
pounds 
live ! 
weight 

Intake of 
nitrogen 
stored 

First cutting: 

One-fourth... 

Pounds 

71.68 

Grams 
202 ,29 
215. 71 

Grams 

76.58 

Grams 

75.45 

Grams 
50.27 

Grams 

71.94 

Per cent 
24.72 

One-half.. 

78.04 

73.50 

104. 63 

37.46 

47,30 

17.20 

Three-fourths ... 

78.67 

202. 24 

77.29 

79.62 

45.34 

57.26 

22.31 


Average__ 

76.13 

206.74 

75.79 I 

86.59 

44.36 

58.83 

21,41 


Second cutting: 

One-fourth.. 

84.00 

241 48 

78.77 

113.28 

49.40 

58.97 

20.41 

One-half.. 

82.54 

239.69 

74.98 

89.08 

75.13 

93.06 

31.77 

Three-fourths__ 

86.67 

199.06 

78.88 

80.93 

39.24 

46.13 

19.55 


Average_ 

84.40 

226.74 

77.54 

94.43 

54.76 , 

66.05 

23.91 


Third cutting: 

One-fourth__ 

85.42 

242.25 

75.93 

! 

! 98.86 

73.22 

85.60 

28 69 

One-half... 

86.17 

218.90 

82.70 

90.07 

46.17 
33.58 

53.85 

19.29 

Three-fourths__ 

88.08 

157.75 

87.01 

i 43.70 

39.06 

21.77 


Average_ 

86.56 

206.30 

81.88 

77.54 

50.98 ; 

59.50 

23.24 



The average data for all first cuttings, made at the one-fourth, 
one-half, and three-fourths stages of bloom during two years shows 
a storage of 58.83 gm. of nitrogen each 10-day period per lamb and 
per 100 pounds jive weight. The protein of second-cutting hay is 
even better utilized, 66.05 gm. of nitrogen being stored. Third- 
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cutting hay ranks intermediate with a storage of 59.50 gm. The 
same order pertains in respect to the “Balance of nitrogen” and 
“Intake of nitrogen stored.” 

GENERAL SUMMARY AND CONCLUSIONS 

The main purpose of this investigation was the determination of 
the chemical composition, digestibility, and protein utilization of 
first, second, and third cuttings of alfalfa. Each of these three 
cuttings was studied at the one-fourth, one-half, and three-fourths 
stages of maturity, and samples grown in 1923 and 1924 were fed to 
lambs averaging 80 pounds in weight. 

Fifty-four digestion and nitrogen-metabolism experiments were 
carried on and from these studies the digestible nutrients in the 
various hays were computed, and the utilization of protein determined. 

The protein content of alfalfa hay decreased and the fiber content 
was found to increase, as the plants matured. The third cutting 
at the three-fourths stage of bloom contained the least protein. 
Second cutting (average of all stages) contained the highest per¬ 
centage of protein, followed by the third. First cutting ranked 
last. 

The calcium content of alfalfa was found to be seven to eleven 
times greater than its phosphorus content. Plants "cut at the one- 
half bloom stage contained more calcium than similar samples 
harvested at the one-fourth and three-fourths bloom stages. No 
relationship between maturity and phosphorus content was observed, 
nor was there any relationship between the number of the cutting 
and the phosphorus and calcium content of the hays. 

The highest content of digestible crude protein and total digesti¬ 
ble nutrients was secured from the three cuttings of hay harvested 
at the one-half bloom stage. 

First-cutting alfalfa hay contained the largest percentage of 
digestible nutrients per ton followed by the second and third cuttings, 
respectively. Second-cutting hay contained the maximum of 
digestible crude protein per ton and third cutting the least. 

The highest seasonal yield of total digestible nutrients and digesti¬ 
ble crude protein to the acre was secured at the one-half bloom 
stage. In respect to protein, hay at the one-fourth bloom stage 
ranked second, while the three-fourths bloom stage ranked second 
in respect to total digestible nutrients. 

With increasing maturity of the alfalfa plants a lower utilization 
of the crude protein was observed. 
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THE UTILIZATION OF CARBOHYI&$fES BY 
HONEYBEES 1 

l s 

By E. F. Phillips \ 

Professor of Apiculture , New York State College of Agricu^ref^ormTftT^Senior 
Apiculturist in charge of Apiculture , Bureau of Entom . ijy a 

INTRODUCTION 


J6.0tc.f52: 


In the study of the problem of wintering honeybees it was found 
that the character and composition of the food plays an important 
part in successful wintering. It was also suggested from certain find¬ 
ings in that study (68) 2 that not all carbohydrates included in the 
normal food of bees are utilized and that undigested carbohydrates 
contribute considerably to the accumulation of feces during the 
winter confinement to the hive. The presence of an undue amount of 
feces was found to cause greatly increased muscular activity in bees 
in winter confinement, since bees do not normally void their feces in 
the hive, but, if possible, retain them until an opportunity for flight 
occurs. This increased muscular activity results in the rapid death 
of individual bees and of the colony as a whole. An especially 
destructive result is the loss of vitality in those bees which still live. 
Any condition which causes an accumulation of feces is, therefore, 
highly undesirable, bringing about the condition known to beekeepers 
as dysentery. 

The apparent difference in the availability of various carbohydrates 
as food suggested a study of this problem with chemically pure 
materials, and the work was carried further to include some car¬ 
bohydrates w r hich bees would not encounter in nature. Since so little 
is known of the utilization of certain rare carbohydrates, it has seemed 
worth while to include these to test their availability for an animal 
which can he controlled easily and for which small quantities of the 
rare and often expensive carbohydrates would be sufficient to obtain 
a definite result. In the case of the simple sugars, the question is 
whether they are capable of absorption and utilization; while for the - 
more complex compounds the question is primarily whether the bees can 
supply the enzymes necessary for the first breaking down of the com¬ 
pound sugars into simple sugars which must occur before absorption. 

It also seems desirable to investigate this subject because of certain 
peculiarities encountered in practical beekeeping. The darker honeys 
(except buckwheat honey, in which the dark color is presumably 
caused by tannin bodies) and honeydews, if given as food during the 
period of winter confinement, are the materials which cause dysentery. 


i Received for publication May 17,1927; issued October, 1927, The feeding experiments as well as some of 
the calculations herein recorded were made while the author was connected with the Bureau of Entomology. 
The work was completed and prepared for publication at the New York State College of Agriculture. 

3 Reference is rhade by number (italic) to “ Literature cited,” p. 427. 
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Feces may accumulate to the point where the bees are no longer able 
to retain "them, resulting in spotting of the interior of the hive. The 
ease with which this condition is relieved if a flight permits the voiding 
of feces indicates that the presence (pressure?) of feces alone causes 
the abnormal behavior. The dark honeys and honeydews differ from 
superior honeys chiefly in their higher dextrin content, suggesting, but 
by no means proving, that the adult bees are unable to utilize dextrin 
as food. Earlier investigators have reported the presence of amylase 
in adult bees, as well as in honeys, and if this enzyme were actually 
present in the lumen of the alimentary tract, the enzyme capable of 
hydrol 3 T zing dextrins (dextrases, assuming that there are several 
enzymes involved in the complete hydrolysis of starch), might also be 
expected to occur in the lumen of the alimentary tract. If this were 
the case, a higher percentage of dextrin could hardly be the cause of the 
great accumulation of unutilized material in the form of feces. The 
bearing of earlier work on the present problem will be discussed when 
the experiments on feeding starches and dextrins are detailed. 

A short, nontechnical discussion of some of the results of the work 
herein i^ecorded was published {62) by the author in 1924, to present 
to beekeepers some of the practical bearings of this problem. Bertholf 
in a related investigation {10) finds that honeybee larvae are able to 
utilize dextrins, lactose and galactose, which appears to be untrue for 
adult bees. The experiments herein recorded were undertaken in 
connection with the work done by Demuth 3 and the author on the 
behavior of bees in winter. 

CARBOHYDRATES AND ENZYME SOURCES INVOLVED IN BEE 

DIGESTION 

Before entering upon a discussion of the experimental work, it 
seems desirable to suggest complicating factors which may be in¬ 
volved in a study of the utilization of carbohydrate by the honeybee. 
This is done in oi'der to show the reason for the simple technic here 
used and to suggest sources of errors which may have entered into 
the results obtained by others. 

The usual method of determining the enzymes present in various 
organs is to make extracts of the tissues or of digestive juices in 
water, glycerin, or weak alcohol and to test the action of these 
extracts on known substances. This method has been used in investi¬ 
gations of the digestive processes of the honeybee. That these 
methods are open to some criticism will appear in later discussions, 
especially under the discussion of the utilization of starch by the 
bees. In making such extracts of the alimentary canal of the honey¬ 
bee, it appears to be impossible completely to remove the included 
pollen, which is a prolific source of enzymes. It is also impossible 
to obtain only the digestive juices or the tissues producing them 
free of muscle and other tissues, which may introduce an error. It 
is the belief of the author that such sources of errors are responsible 
for some of the apparently incorrect results which have been obtained 
by other investigators. 

It is possible to investigate the utilization of various carbohy¬ 
drates by the honeybee by the methods used in the present instance, 

3 The author wishes to acknowledge the assistance given by George S. Demuth in the first three series 
of feedings, _and by H. S. Paine, in charge of the carbohydrate laboratory. Bureau of Chemistry, for val¬ 
uable help m planning some of the later series of feedings. 
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because of the ability of honeybees to live for considerable periods 
when taking no food other than chemically pure carbohydrates. 
During the larval period bees consume large quantities of protein, 
including pollen (56) which are rich in protein, during the latter 
part of larval life. During adult life worker bees consume large 
quantities of pollen 4 when engaged in the elaboration of larval 
food and the feeding of the queens. Otherwise during adult life 
the workers appear to ingest little or no pollen; and it is known that 
during winter when they are confined to the hive and when no brood 
is being reared, bees apparently need little or no pollen and can be 
carried through the winter (perhaps five months) successfully with 
no pollen in the hive. 5 Experiments such as are here described 
would be impossible with any species which requires a mixed diet at 
all times. To what extent worker bees under such circumstances are 
drawing on their protein reserve need not concern us at this time. 

MICROORGANISMS IN THE ALIMENTARY CANAL 

The problem of testing the utilization of various carbohydrates 
may not be one involving simply the production of enzymes by the 
bees themselves. A considerable number of species of microorgan¬ 
isms occur in the intestine, and attention must be given to such mem¬ 
bers of this flora as might modify the results. This is important in 
view of the belief sometimes expressed that certain carbohydrates 
are Iiydrolized by the action of enzymes produced not by the mam¬ 
malian alimentary canal but by microorganisms occurring in it. 
An even more striking case occurs in termites, in which cellulose is 
hydrolized by intestinal protozoa. There is, of course', the possi¬ 
bility that some of the bacterial species in the bee intestine produce 
enzymes which are involved in the hvdrolizing action in bee digestion. 

In considering this question one is concerned chiefly with those 
microorganisms which are regularly found in the bee intestine and 
not so much with species which are rarely found or which are inci¬ 
dental visitors. From the work of Bruce White (76) it is possible to 
differentiate the organisms that are normally present, at least in 
Scotland where his work was done. In this group of bacteria 
(.Bacillus constellatus, B . rigidus , B. injluenzoides apis , and B. fenusi 
apis)) all four grow on media containing glucose and three on mal¬ 
tose media. None were reported to grow" on media containing other 
sugars or on milk. B. rigidus growls feebly on potato while B. tenusi 
apis growls well on this medium. White (76, p. 76) concludes: 
“The organisms are as a whole characterized by their predilection 
for glucose-containing media and the fermentation of this sugar wfith- 

* Them is a large literature on the composition of pollen. For summaries of this work, see Parker ($8) 
and Pat on (.57). The fact that pertain pollens cause hay fever in susceptible persons has ted to extensive 
studies of pollen, and the literature on hay fever may profitably be consulted. 

s That bees do not need to ingest any protein during winter may perhaps be explained by the storage 
of protein material in the so-called fat body ( 42 ). It was at one time believed by some American bee¬ 
keepers that dysentery m winter is caused by the consumption of pollen, and to remedy this condition 
it was advised that all combs containing pollen be removed from the hive during winter. It is now 
known that pollen consumption does not explain dysentery, and that bees are able to live through the winter 
without pollen (SS). For those unfamiliar with the methods of beekeeping, it may be stated that when 
the pollen-bearing combs were removed, it became necessary for the beekeeper to provide additional 
carbohydrate food, which was done by feeding sugar sirup. This reduced or entirely eliminated the 
honey containing indigestible ingredients, thus preventing dysentery; whereas the beneficial results were 
attributed to the removal of pollen, which had nothing to do with dysentery. This removal of pollen had 
an indirect bearing on this trouble, however, for without pollen no brood could be reared, even though the 
temperature conditions became favorable for that activity; and the large addition to the feces, which would 
have resulted had brood rearing been carried on, was therefore prevented. 
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out gas production. ” The only organisms in the intestinal flora, 
which were found to grow on media containing lactose or sucrose, 
were inconstant species. 

There are also yeasts and other fungi present in the intestine of the 
worker bee, but these are not a large factor in the flora. It would 
appear that because of their relative scarcity none of these fungi 
need be considered as likely to complicate the problem considered 
in this paper. In addition to pollen grains and microorganisms, 
there are present in the intestine hairs from the outside of the bee 
and various foreign bodies. Most of these probably play no part in 
hydrolizing the carbohydrates previous to absorption, but the pres¬ 
ence of included material, such as pollen grains, may materially 
modify certain experimental results on the presence of enzymes, as 
will be seen later in an examination of the work of Petersen on starch 
digestion. 

VITAMINS IN THE DIET OP HONEYBEES 

Feeding experiments such as those recorded herein cannot be dis¬ 
cussed without raising the question of the vitamin requirements of 
bees, a subject on which little is so far known. Honey, the normal 
carbohydrate food of bees, has been studied for its vitamin content 
(-5, 20, 22, 26, 34, 69), and most workers find none. Pollen, on the 
contrary, has been tested only by Dutcher (22) who finds it effective 
in curing avian polyneuritis. It might be expected that pollen would 
contain at least vitamins A and B. The various microorganisms 
which occur in the alimentary tract of the adult bee may also be a 
source of vitamins, although none of them have been tested in this 
respect. 

The question of the importance of vitamins t® adult bees under 
normal conditions need not especially concern us in connection with 
the present problem. It is enough to know that under the conditions 
of the experiments and with the bees selected at random from the 
colonies, some of them survived for 30 days without obtaining food 
containing vitamins. Whether these bees were normal is not deter¬ 
mined, and the only question at present discussed is whether or not 
they can utilize the carbohydrates given them, to which question 
they have given a definite answer. It is a fact of considerable 
importance and interest, however, that beekeepers consider it good 
beekeeping practice to give their bees a sirup of partially inverted 
cane sugar for the period of winter confinement, often extending over 
five months. Under the conditions within the hives during this time 
it seems that the bees survive and are in excellent condition for build¬ 
ing up strong colonies in the spring on food free of vitamins. If 
honey does not contain vitamins, the bees, nevertheless, normally 
survive winters without vitamins in their food. 

In spite of the number of workers who have tested honeys for 
vitamins, it is still perhaps safe to state that more work is needed. 
Honeys from various floral sources vary considerably in their chemical 
composition, flavors, and in many other distinguishable ways. It 
may therefore be that they vary in vitamin content. This is sug¬ 
gested by the marked variation in amber or yellow color, since vitamin 
A is associated with yellow carotin color at times. Carotin is one of 
the chief constituents of honey colors, and this suggests the desira¬ 
bility of conducting tests for vitamins with amber and dark honeys. 
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This is mentioned here with a realization that it doubtless has no 
bearing on the present problem. However, since the darker honeys, 
those containing more carotin, are known by beekeepers frequently 
to be the cause of dysentery, this in turn suggests that vitamins are 
unnecessary during the period of winter confinement to the hive, 
during which period brood is not normally reared. 

ENZYMES IN HONEY 

Considerable work (2, 3 , 4, 18, 23, 24 , 25, 27, 30, 44> 45, 46, 47, 
52, 66, 75, 81) has been done on the presence of enzymes in honey, 
much of this work having been undertaken in an effort to find means 
for detecting adulteration. It is concluded that some of these 
enzymes have their origin in nectar (for example, catalase, according 
to Auzinger), and that others are produced by the bee and are added 
during the ripening process. This has a distinct bearing on the 
present problem, especially in view of the fact that several of the 
investigators of this subject report the presence of amylase in honey. 
This was reported first by Erlenmeyer and von Planta. Auzinger 
makes the definite statement, however, without any evidence to 
support it, that this enzyme is produced in the salivary glands. If 
this were the case, it would doubtless occur in the ventriculus of the 
bee and would serve for the hydrolysis of starch and dextrins (on 
the assumption that the enzyme present is the mixture of enzymes 
necessary for the complete hydrolysis of starch to glucose). In view 
of the fact that in these tests the pollen in hone}' is evidently not 
eliminated as a possible source of enzymes (Auzinger states definitely 
that the honeys were not filtered), and in view of the presence of 
amylase in pollens (57), it appears at least possible that the results 
reported are not fully trustworthy, in so far as these enzymes are 
assumed to be produced by the bees. That bees add invertase to 
nectar during the process of ripening is well known. 

An enzyme to be functional in the processes of digestion of car¬ 
bohydrates must be present in sufficient amount to act on the 
carbohydrates after they are ingested and must act so that the 
carbohydrate food, when there is hut one present, may be hydro¬ 
lysed fast enough to maintain life. This presumably means that 
no enzyme not produced by the bee itself will serve the purpose. To 
a considerable degree, therefore, the results obtained in the study 
of the enzymes in honey may be disregarded, at least in so far as the 
enzymes come from nectar. The detection of enzymes in honey by 
the use of glycerin and alcohol extracts should not be interpreted as 
meaning that the enzymes are produced by the salivary or digestive 
glands, as Auzinger seems to have done. 

INVESTIGATIONS OF ENZYMES IN THE BEE 

The physiology of the digestive processes in the honeybee has been 
investigated by Petersen (59), who reviews the essential physiological 
literature on this subject to the date of % publication. The work 
which he did is quite unlike that herein recorded, and it is not neces¬ 
sary to discuss all his findings. On one point only is it necessary to 
examine his work in detail, and this will he done under the discussion 
of the utilization of starch. Biedermann (11) carefully reviews the 
literature on digestion of bees and other insects up to the time of 
publication. 
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While the present work was under way, there appeared an extensive 
paper by Pavlovsky and Zarin (58), which deals chiefly with the 
enzymes present in the various parts of the alimentary canal of the 
honeybee. The methods used by these authors were those usually 
employed in such work, namely, the preparation of enzyme extracts 
with glycerin or alcohol from the various organs to be studied. These 
authors record that they carefully washed out the included material 
(a precaution which Petersen does not record taking), which would 
presumably eliminate pollen as a source of enzymes to disturb their 
results. It is greatly to the credit of these investigators that they 
succeeded in getting out all the included material, for this must 
have been a difficult task. They report- the presence of amylase 
(diastase) in the ventriculus. There are several places in the paper 
of Pavlovsky and Zarin in which their results are apparently stated 
incorrectly. For example, they state that they established the pres¬ 
ence of lactase (58, p. 519 ) and later they state that they did not find 
lactase present (58, p. 527), while in the table summing up their 
results (58, p. 543) they record the presence of lactase in the stomach 
(ventriculus?). Sarin (82, 83) reports no lactase in the “ stomach.” 
Whether these errors were due to unfamiliarity with the language in 
which the paper appeared, which is not the native tongue of the 
authors, can not be learned. The paper reached the editor of the 
Journal in English and was not translated by him. The details 
wherein the results of these authors differ from those obtained in 
the present work will be mentioned under later headings in this paper. 

CARBOHYDRATES AVAILABLE TO HONEYBEES 

In order to understand the significance of the results obtained in 
the present work, it is desirable to review briefly the sources of the 
carbohydrates obtained in bees and the processes through which they 
pass in the formation of nectar within the plant, in the ripening of 
the nectar within the hive, and during digestion by the bee. Nectar, as 
obtained by the bees from floral and extra-floral nectaries, usually con¬ 
tains considerable sucrose, but there are small and varying amounts of 
glucose, levulose, and dextrins, together with the ash, water, coloring 
materials, and aromatic substances which are not considered in the 
present discussion. Some nectars probably contain no sucrose. The 
composition of various nectars has been discussed by various workers. 
(13, 17, 19, 68, 78.) 

According to Bonnier the formation within the flower of a soluble 
food supply (sugar) as distinguished from starch is primarily that the 
flower may have a quickly available food reserve close at hand for the 
rapffi development of the ovules after fertilization. It is only in 
certain plant species that an external secretion occurs, although the 
accumulation of sugar at the base of the flower occurs generally. 
The preliminary transformatioii of the insoluble starch (if the plant 
food supply is stored in that form) into soluble materials (usually 
sugars) is of interest here oifly in so far as the transformation from 
starch into sugars is sometimes incomplete, leaving a certain per¬ 
centage of dextrins in the nectar. Since sucrose is not produced by 
hydrolysis of starch (38), the origin of this sugar, which in many cases 
is the chief constituent of nectar, is still somewhat in doubt. Since 
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sucrose and levulose may be produced directly by the action of 
chlorophyll, and as these are soluble materials, it is probable that the 
sucrose in nectar is produced directly by the chlorophyll and trans¬ 
ported to the flower from the point of origin, and that it is not derived 
from insoluble storage foods. Invertase is generally found in plants 
and is doubtless involved in the formation of sucrose. Such a sup¬ 
position would tend to explain the great variation in the composition 
of the secretion under varying external conditions, since in most 
plants sucrose is less abundant than is starch. The dextrin in nectar, 
however, is probably the result of the hydrolysis of starch, and the 
same may be true of the glucose. These points are of interest here 
* only in so far as they suggest a reason for the increase in the percent¬ 
age of dextrin under conditions when secretion of nectar is less rapid. 
It is well known to beekeepers that when secretion of nectar is slow, 
the honey from any given source is darker in color, and this is asso¬ 
ciated with an increase in the dextrin content of the nectar and con¬ 
sequently of the honey. The presence of dextrin in honey and honey- 
dew honey indicates that it is not hydrolysed during the ripening 
process. There are also interesting variations in the color and abund¬ 
ance of nectar according to altitude, latitude, and other factors, some 
of which were pointed out years ago by Bonnier hut which have 
become more clear with the great increase in beekeeping in the 
United States. 

The production of nectar on the outside of the tissues of extra¬ 
floral nectaries is not a common occurrence at ordinary altitudes and 
latitudes. When such secretions occur the material exuded is as a 
rule higher in dextrin content than nectar from floral nectaries. Bon¬ 
nier and Flahault V4) found that at high latitudes such external secre¬ 
tions are much more abundant than from the same plant species at 
points further south. A similar abundance of extra-floral secretion 
on the quaking aspen (.Populus tremuloides) may be observed at high 
altitudes in the Rocky Mountains during the period of the growth of 
the leaves. Since extra-floral nectar secretion is greater at high 
altitudes and high latitudes, where the winter seasons are longer, it 
might be assumed that in such locations the quality of the food for the 
bees would be a serious problem. In fact, however, the food in such 
locations is usually of the best quality for winter use because of the 
abundant secretion from floral nectaries. It is well known that bees 
do not gather honeydgws, either of plant or of insect origin, when 
there is abundant floral nectar. 

Nectar or honeydew is collected in the honey stomach of the worker 
bee and brought to the hive. Here, after manipulation by the young 
bees inside the hive, it is deposited in cells of the comb, usually near 
the brood-rearing area. Only a small quantity is placed in each cell 
at first. By fanning their wings to create air currents, by raising the 
temperature within the hive especially near the brood nest, and per¬ 
haps by other activities of the bees as yet but slightly understood, 
the surplus water is evaporated. The remaining more concentrated 
solution (honey) is then brought together in the storage cells of the 
hive and is finally sealed over as fully ripened honey. During this 
ripening process a complete or almost complete inversion of the 
sucrose occurs, so that the final product, honey, contains but a small 
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amount of this sugar. 6 To this extent, therefore, the process pre¬ 
liminary to absorption occurs before the honey is actually taken by 
the bees as food. The enzyme necessary to the inversion of sucrose 
is present in all parts of the bodies of bees. 

During a shortage of floral nectar bees may gather the excretions 
of aphids and other Hemiptera (insect honeydews) which they 
carry to the hive and manipulate just as they do nectar. There 
are few analyses of such material as it is gathered by the bees, but it 
is quite variable in water content, as can readily be seen when it 
occurs on leaves of trees. The ripening process is like that of floral 
nectar, but the final product (honeydew honey) differs from honey 
chiefly in the fact that the dextrin content is high. In the sample 
used in the feeding experiment recorded in this paper, the dextrin 
content was determined through the courtesy of the Bureau of 
Chemistry as 4.55 per cent. Another sample of honeydew honey 
received in 1916 by the Bureau of Entomology from Eagle Gorge, 
Wash., was found to contain 8.96 per cent dextrin. The usual 
dextrin content of normal honeys rarely exceeds 2 per cent, except 
in the most inferior honeys, and is less than 1 per cent in fine honey 
of the quality which beekeepers prefer to use for winter foods. 

Other carbohydrates may also be found in honeydews or in honey¬ 
dew honey after ripening. Unger (74) found mannite (a hexahydric 
alcohol) in considerable quantity on honeydew from Juglans regia, 
and Maquenne (51) found dulcite (a hexahydric alcohol) in honey¬ 
dew from Euonymus japonica. As will be discussed later, melezitose 
(a trisaccharide) is found in certain honeydews. Because of the 
possibility of the presence of various carbohydrates in such com¬ 
pounds, it is desirable to determine the food value of many such 
substances to bees. 

It may be well to point out that there is no suggestion that dextrins 
have any direct harmful effect on the bees. In the experiments 
carried out by Phillips and Demuth (68) on bees in a constant- 
temperature room (colony 3), the bees on honeydew honey stores 
lived but a short time. While they were undoubtedly nourished by 
the food provided them, the accumulation of feces stimulated them 
to great bodily activity and this activity in turn caused the tempera¬ 
ture of the winter cluster to be raised. This should, however, not 
be interpreted as indicating that the accumulation of indigestible 
materials is in itself injurious ; but the bees responded to this internal 
stimulus by increased muscular activity, which increased source of 
heat, raised the temperature of the cluster, and caused the bees to 
die of what the authors designated excessive heat production. No 
evidence was obtained that anything comparable to auto-intoxica¬ 
tion occurs, although no examinations were made for microorganisms 
or other complicating factors which may have been present. The 
ease with which the condition known as dysentery may be relieved 
if the bees have opportunity for flight is against any such supposition. 

It. should also be pointed out that floral honey from any given 
species may differ greatly in the percentage of dextrin present. 
When honey is coming to the hive rapidly—that is when the flowers 

Not to exceed 8 per cent, according to the standard proclaimed Dec. 20,1904, by the Secretary of Agricul¬ 
ture. There is considerable variation in the percentage of sucrose remaining in honeys from various floral 
sources, depending perhaps on the rapidity of the secretion and the consequent rapidity of the ripening 
process. Bonnier (IS) states that mountain honeys (usually secreted rapidly) contain more sucrose than 
do those of lower elevations. 
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are secreting nectar freely—the resulting honey is lighter in color for 
the particular plant species than when the secretion is slow. This 
difference in color is associated with a difference in dextrin content, 
suggesting a more complete hydrolysis of insoluble carbohydrates 
to sugars within the plant or flower at the time when conditions are 
most favorable for nectar secretion. 

It has been shown by numerous investigations that nectar secretion 
is more rapid, other things being equal, at high altitudes and latitudes. 
Honeys of the North are almost all lighter in color than those at 
lower latitudes. Since in northern localities bees are confined to 
the hives without flight for long periods in winter, often over five 
months, it is clear that the quality of food is of first importance in 
the successful wintering of bees in those regions. It is extremely 
fortunate for the development of practical beekeeping that the 
honeys of the North are light in color and free of dextrins, for bees 
are able to live in confinement of such honeys for the full period of 
the winter. 

On the other hand, the presence of a higher percentage of dextrins 
in so many of the honeys of the middle and southern latitudes of 
the United States seems to explain the fact that the winter losses 
are usually as high in these places as in the extreme northern parts 
of the country. Most of the honeys which are produced in late 
summer and autumn are dark in color, such as the asters and golden- 
rod of the lower latitudes, and these are about as poor for wintering 
as any floral honeys available. 

Bees also obtain carbohydrate material from the pollens which 
they consume, most of this material being glucose, levulose, and 
sucrose. Some pollens are found to contain starch grains (72) and 
this is probably the only source from which the bees would normally 
obtain starch as an article of diet under normal conditions. The 
complex carbohydrates which compose the pollen shell, celluloses, 
and pectinases, are believed not to be utilized by bees but to be 
cast out with the feces after the internal material has been removed 
by digestive processes. It is also believed that the contents of the 
pollen grains can not be digested unless the pollen coat has been 
broken before ingestion. 

In the making of candy for the shipping of queen bees with accom¬ 
panying workers, a finely divided cane sugar is mixed thoroughly 
with honey of good quality. Before the composition of confectioners 7 
sugar was so carefully guarded by the administration of the Food and 
Drugs Act of 1906, it frequently happened that a beekeeper would 
purchase a lot of such sugar which contained a considerable amount 
of starch, and when this w r as used the death rate of queen bees and 
workers to w T hich it was fed in confinement was found to be much 
higher than w r hen a pure cane sugar was used. This indicated that 
the presence of the starch is detrimental to the bees, which would 
hardly be the case if they contained or produced amylase as has been 
claimed. 

' Since the sugar used in these cases is not known to have contained 
any material other than starch and ground crystals of cane sugar, 
the trouble must have come solely from the starch, as cane sugar is 
readily utilized hy the bees as food. 

It will be seen from the foregoing summary that the problem of the 
availability of various carbohydrates as food for honeybees is one of 
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practical importance. No attempt has been made in this work to 
study the processes of digestion of the various carbohydrates, nor 
to analyze the feces of the bees on various foods. Such work would 
be exceedingly difficult because of the activity of the bees and es¬ 
pecially because of the relatively short life of bees under experimental 
conditions. By restricting the food to a single carbohydrate it is 
possible to tell whether the bees are nourished by it. The work 
recorded is therefore not chemical in nature, but does indirectly 
throw light on the chemical processes which must occur within the 
alimentary canal of the bee. 

CONDITIONS OP THE EXPERIMENTS 

Since bees kept in small wood and wire cloth cages in the laboratory 
are exceedingly active, due to the stimulus of light, the cages used 
in most of the experiments were kept in a cool, dark place in the cellar 
of the laboratory. Under these conditions the bees remained quiet, 
and because of this quietness doubtless lived much longer than they 
would in the light. 7 The cages used in the experiments were the 
same as those used by Mclndoo (49) in his work on the olfactory 
sense of the honeybee. In the first two series of experiments about 
100 honeybees were placed in each cage, while in the third series 
200 bees were used. The third series of experiments were also 
modified by the fact that the bees were not placed in the cellar, but 
in a cool room in the laboratory where the light was not strong. 
The same methods were used in series 4 and 5 but no definite 
number of bees was used. Series 6 is discussed later. 

In the first two series of experiments the bees used were chosen 
with great care by the following methods. The day previous to the 
beginning of the experiments the colony from which they were taken 
was moved carefully to a new stand in order that the field bees might 
return to their old location and that none of them would be included 
in the bees used in the feeding experiments. Then the bees used, 
were hand picked to avoid very young bees which had not had a 
flight and w r hich consequently have a considerable amount of feces 
in their reetums. By these means also the bees used were all about 
the same age. In the later experiments these precautions were not 
all taken, but the validity of the experiments were strengthened by 
the use of a larger number of bees. In all cases the field bees were 
removed by the moving of the colony, but in the later experiments 
a considerable number of bees were shaken into an empty box and 
were scooped up after being well mixed by shaking. In this way 
the handling of the bees was reduced and they were therefore sub^ 
jected to less excitement and activity before the feeding experiments 
were begun. As previously stated, and as shown by the data pre¬ 
sented, more bees were used in the later experiments, thus reducing 
the probable error of the averages. 

The food and water provided were given in small vials inverted 
over the tops of the cages. These feeders were constantly moist but 
the contained solutions w r ere held within the vials by atmospheric 
pressure. There was, of course, a slight loss of food from the fact 


7 That honeybees live longer when they have little work to do has long been known to beekeepers. It is 
quite outside the limits of the present discussion to give the evidence on this subject, but it is believed that 
bees are able to renew worn tissues to but a small degree, and that their term of life is shortened when they 
are called upon to perform muscular activity. The fact that during the larger part of their adult life bees 
use carbohydrates as food almost exclusively, perhaps explains this condition. 
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that some sugars crystallized out on the wire cloth and were not all 
used by the bees, but as it was not the primary purpose of the expeii- 
ments to determine the exact amount of food consumed, this is con¬ 
sidered an unessential detail. This crystallizing of the food was 
pronounced only in the case of melezitose. 

The supply of food was renewed as necessary and counts were made 
of the dead bees daily, the dead bees being removed as counted. 
Except as noted, water was at all times available to all the bees, 
ordinary tap water being used for this purpose. 

The honeybee is a cold-blooded animal (65), so that the tempera¬ 
ture of ^ the bees used in these experiments was the same as or only 
very slightly higher than that of the air surrounding them. The 
action of enzymes increases rapidly with a rise in temperature and 
is usually at its maximum at temperatures of 37° to 40° C. It may 
then be assumed that under the conditions of the experiments the 
enzyme action was reduced below that which would occur within 
the hive at a temperature of about 35° C. Since bees are able to 
live for long periods in winter at temperatures varying between 
14° and 20° C. without injury, it is safe to assume that the tempera¬ 
tures encountered in these experiments were in no way preventive of 
enzyme actions of an essential character. 

FIRST SERIES OF EXPERIMENTS 

Fourteen cages with about 100 worker bees in each cage were 
prepared for feeding, the preparation of the cages and the placing of 
the food and water vials having beeii completed at 4 p. m. At the 
time when the cages were filled, many of the older bees were out of 
the hive and the younger bees taken tended to live longei than the 
average of the bees of the colony. So far as could be seen, there was 
no difference in the bees of the several cages. Beginning the next 
day and on each succeeding day the dead bees were removed from 
each cage at 4 p. m. and counted, as recorded in Table 1. Doubtless 
all these bees carried with them a certain amount of food when they 
were put into the cages. This food and their reserve apparently 
were sufficient to prevent death for an average of 1.74 days in the 
lot of bees to which no food was given, the last bee dying on the 
third day. It is therefore proper to conclude that when the bees 
lived more than three days or longer than an average of 1.74 days 
within the limits of the probable errors, they were able to utilize as 
food the material given them. Because of different conditions of 
temperature, the average length of life of the bees without food in 
the different series is unlike, and therefore it is undesirable to make 
detailed comparisons between different series. 

. The following plan was used in feeding the bees in the first series: 

Lot No. L —No food given. Water at all times available (control 
cage). 

Lot No. 2. —Glucose, 50 per cent solution. 

Lot No. 3. —Levulose, 50 per cent solution. 

Lot No. 4 ‘—Sucrose (C. P.), 50 per cent solution. 

Lot No. 5 .—Honey from the apiary of the Bureau of Entomology, 
probably chiefly from tulip trees. This honey was dark in color and 
doubtless contained relatively large amounts of dextrin. No analysis 
was made. The percentage of dextrin was smaller than in the case 
of the honey dew honey used (lot 12), 
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Lot No . 6 .—Lactose, 1 part in 10 parts of water. 

Lot No. 7. —Raffinose, 1 part in 2 parts of water. 

Lot No. 8. —Mannose, 50 per cent solution. 

Lot No. 9. —Maltose, 50 per cent solution. 

Lot No. 10. —Dextrin 1 part, sucrose (commercial cane sugar), 
1 part, water 2 parts. Compare use of dextrin in the second series. 

Lot No. 11. —Starch (potato) 1 part, sucrose (commercial cane 
sugar) 10 parts, water 10 parts. Compare use of starch in other 
series. 

Lot No. 12. —Honeydew honey. This was collected in the apiary 
of the Bureau of Entomology then at College Park, Md., in 1909, 
removed from the combs by heating after crystallizing hard, and 
was then stored in tin cans. Because of the fact that this honeydew 
honey crystallized so hard, there is now reason to suspect that it 
contained melezitose. Since this trisaccharide is satisfactory as 
food for honeybees (see series 3), this possibility makes no special 
difference in the results of this test. Unfortunately by the time the 
presence of this sugar was suspected in honeydews gathered near 
Washington, all of the material collected in 1909 had been used. 

Lot No. 13. —Brown sugar, commercial. No analysis was made. 
The purpose of using this material was to determine if possible whether 
the beekeeper is safe in using it as winter food for his bees. Under 
such circumstances the bees would be confined to the hive longer 
than in this series of feedings, and the high percentage of nonsugars 
would doubtless cause dysentery. A 50 per cent solution was used. 

Lot No. H. —Commercial glucose. 

Table 1 shows the daily counts of dead bees in each cage, the aver¬ 
age length of life, and the probable error of the length of life of these 
bees. Records were kept of the solid food consumed when food was 
given and jn each case it was found that considerable quantities per 
bee per day were ingested. These records are not here given as the 
amounts are unimportant in the present discussion. 



Table 1 . —Daily death rale and average length of life of bees on various foods, first series 
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SECOND SERIES OF EXPERIMENTS 

A second lot of cages of the same kind were filled with bees and 
again fed in the same way, the differences in food being noted later. 
In this series, the temperature conditions were somewhat better for 
longer life without food, as the bees were less active. There may 
have been slight differences in the amount of food carried by the 
bees when put into the cages, but this could not be determined. 
Attention should be called to the rather heavy death rate on the 
fourth and fifth days from unexplained causes, which tend to reduce 
the average length of life in this series. In spite of this the average 
and actual time of the death of the last bees were larger than in the 
first series. Counts of dead bees were again made daily. 

Except as noted the foods given were as in the first series. The 
following feeding plan was used: 

Lot No. 1 —No food given (control). 

Lot No. 2 —Glucose. 

Lot No. 3 —Levulose. 

Lot No. 4 —Sucrose. 

Lot No. 5 —Honey. 

Lot No. 6 —Lactose. 

Lot No. 7 —Raffinose, 

Lot No. 8 —Mannose. 

Lot No. 9 —Maltose. 

Lot No. 10 —Dextrin, 50 per cent solution. (No sucrose added). 

Lot No. 11 —Starch. One part potato starch was heated in four 
parts of water at a temperature below boiling, the water content 
corrected, and the solution given the bees. The cooking may have 
changed a slight amount of the starch into dextrins and dextrose but 
most of it remained as starch. The purpose of the heating was to 
break up the starch grains and to make the food more easily ingest- 
ible. 

Lot No. 12 —Honeydew honey. 

Lot No. 13 —Brown sugar. 

Lot No. 14 —Commercial glucose. 

Table 2 shows the results of the second series of feeding experi¬ 
ments. Except for changes in the foods given, these results may he 
compared with the data given in Table 1 covering the availability 
of the foods, but necessary allowance must be made for differences 
in temperature and other factors which caused slower death rates in 
the second series. 



Number of deaths after different periods (days) Total 
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THIRD SERIES OF EXPERIMENTS 

The finding of the rare trisaccharide melezitose in honeydew honey 
collected in Pennsylvania in 1917 (37) led to a further search for this 
sugar in honeydew honeys. It was found that this sugar is occa¬ 
sionally gathered from coniferous trees near the apiary of the Bureau 
of Entomolgy in considerable quantities. A supply of purified 
melezitose was obtained for feeding experiments from the Bureau of 
Chemistry to determine whether honeybees are able to utilize this 
sugar as food. 

Three lots of bees, each of 200 individuals, were placed in cages 
like those used in previous experiments September 29. One lot was 
given no food, one was fed on sucrose (commercial cane sugar, 50 per 
cent solution), and the third was given a 50 per cent solution of 
melezitose. Water was provided each lot of bees as in previous 
experiments. The bees were placed in the cages in the afternoon of 
September 29, and the dead bees were removed and counted daily as 
in previous experiments. In this instance the cages were kept in a 
room in the laboratory with diffused but without direct sunlight. 
It was necessary for the investigators to leave the laboratory Octo¬ 
ber 28 for a considerable period, and it was therefore impossible to 
continue the counts after that date. The results covering the avail¬ 
ability of melezitose as food were entirely conclusive, but the figures 
given can not be compared with those in other series. Fifteen bees 
still remained alive in the cage given cane sugar and one bee remained 
in the melezitose cage at the close of observations. Table 3 gives 
the data obtained. 

It was noticed that the melezitose tended to crystalize about the 
feeder, and to remedy this the water bottle was shifted to the places 
where the crystals appeared, so that they might be dissolved and used 
by the bees. Throughout the experiment the bees fed on cane sugar 
were noticeably more active than those fed on melezitose, and this 
activity possibly hastened their death. The bees on cane sugar died 
at the average rate of 6.38 per day while those on melezitose died at 
the average rate of 6.86 per day. During the first 15 days 84 bees 
died on cane sugar and 140 on melezitose, or at the average rates 
of 5.60 and 9.33 daily, respectively. Between the twelfth and fif¬ 
teenth days, during which no counts were made, an unexplained 
heavy death rate occurred in both cages. 

Table 3. —Daily death rate of bees on various foods, third series 
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1 Bead bees not removed and counted. 
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FOURTH SERIES OF EXPERIMENTS 

In order to extend these observations to other carbohydrates, a 
fourth series of feedings was undertaken. In general the methods 
were the same as for the previously reported series, except that the 
bees were not hand picked and a larger number of bees was used. 
There were some drones in the cages, but the number was small and 
these are omitted in the calculations. The bees were placed in the 
cages in the early afternoon, the operation being completed at 2.30 
p. m., at which time the various foods were put into place. Cages 
2 and 3 of this series contained bees without food, kept in other places 
to determine what effect increased activity has on the length of life 
of worker bees without food. This has been reported previously (60) • 
and is here omitted. 

The following foods were given the different lots in this series: 

Lot No, 1 .—No food given. Water at all times available. 

Lot No, 4- —Glycerin, undiluted. 

Lot No, 5. —Dextrin, 50 per cent solution. 

Lot No, 6 ,—Inulin to which water was added without heat. 

Lot No. 7. —Soluble starch in two volumes of water. 

Lot No. 8. —Sucrose, 50 per cent solution. 

Lot No. 9. —Galactose in 4 volumes of water. 

Lot No, 10 .—Lactose in 10 volumes of water. 

Lot No. 11 .—RafBnose in 2^ volumes of water. 

The varying amounts of water in the food was necessitated by the 
comparative solubilities of the various substances. In such eases as 
soluble starch, for example, the material was not in actual solution, 
but the water present served to carry the food to the bees, and other 
water was available in all cages. 

With the possible exception of glycerin the bees took carbohydrate 
when it was offered them. In the case of the glycerin, the humidity 
of the cellar in which the bees were kept may have caused moisture 
to be absorbed, and the volume of food had not noticeably decreased 
at the time the last bees died. Table 4 gives the results of the fourth 
series of experiments. 

67589—27-2 
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FIFTH SERIES OF EXPERIMENTS 

In this series a number of carbohydrates were introduced which 
pi-obably never occur in the food of bees, but by means of which the 
presence of certain enzymes in the alimentary tract may be tested. 
These will be discussed later, but special reference may here be made 
to the use of trehalose. In this series one control cage of bees was 
given water v T hile another cage received neither food nor water. 
Daily counts were made as in other series and in every case there was 
reason to believe that solid carbohydrate materials were actually 
ingested by the bees. It should be noted that if the bees had been 
able to hydrolyze some of these carbohydrates a death rate even more 
rapid than that of starved bees might have been expected, since when 
split these glucosides become poisonous. No such change in death 
rate w r as observed. Cages 1 and 2 of this series contained drones only 
and are not here discusssed, as they have been reported elsewhere (61). * 

The following food materials were tested in this series of experi¬ 
ments : 

Lot No. 3. —Sucrose, in 2 volumes of wrater; no other w r ater given. 

Lot No. 4 *—Amygdalin, in 2 volumes of water; no other w T ater 
given. 

Lot No. 5. —Salicin, in 2J^ volumes of water; no other w T ater given. 

Lot No. 6 .—Mannite in 2 34 volumes of w T ater; no other water given. 

Lot No. 7. —Xylose, in 2 volumes of water; no other water given. 

Lot No. 8. —Mannose in 2 volumes of water; no other water given. 

Lot No. 9. —Rhamnose in 2 volumes of w’ater ; no other wrater given. 

Lot No. 10. —-Trehalose, in 2 volumes of water. At the beginning 
of this feeding 10 gm. of dry trehalose were available and by the third 
day half of this quantity had been taken by the bees and they were 
apparently living w T ell on it. On the eighth day the last drop of food 
was removed from the feeder and 5 c. c. of water was placed in it to 
wash out any food that might remain. No other water was given. 
Whatever food the bees had from the eighth day until the last bees 
died must have been carried in their honey stomachs. The average 
length of life is therefore not fully indicative of the ability of the bees 
to utilize this sugar. 

Lot No. 11. —d-Arabinose, in two volumes of water, no other wrater 
given. 

Lot No. 12. —?-Arabinose, in two volumes of water, no other w r ater 
being given. 

Lot No. 13. —No food (control), water given in a feeder. 

Lot No. 14 .—No food, no water given. 

Table 5 shows the daily death rate and the average length of life of 
the bees in this series of experiments, and the probable error of the 
, average. Because of the unusual character of some of the materials 
offered to the bees in this series, it seemed desirable to force the several 
carbohydrates on them by providing no water other than that in which 
the carbohydrates were dissolved. In every case material was 
removed from the feeder bottles, indicating that carbohydrates were 
actually ingested. It may safely be assumed that at least some of 
these materials were not at all attractive to the bees, but since some 
of the material was ingested in each ease, it may further be assumed 
that if it had been hydrolyzed the length of life would have been 
modified either by hastening death or by prolonging life. The rather 
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surprising result from the use of trehalose will be discussed later. The 
absence of water from cage 14 seemed to make no appreciable differ¬ 
ence in the length of life of bees without food, since the average length 
of life in cages from which water was withheld was actually slightly 
longer than for bees without food to which water was supplied. This 
difference is of course too small to have any significance, since the 
average length of life of bees in several cages that starved in spite of 
the fact that they took carbohydrates, slightly exceeded the average 
length of life for bees without food and without water. 
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SIXTH SERIES OF EXPERIMENTS 

Two lots of bees were placed in the small cages November 24, one 
being provided with a paste made of white clover honey and soluble 
starch (121 bees) and the other with a paste made of soluble starch 
and cane sugar (169 bees). Both lots of bees were given water in a 
small feeder. The bees were kept in a laboratory room with subdued 
light at ordinary room temperature. The purpose of these feedings 
was to follow the starch through the alimentary canal and not to 
establish the death rate. The bees on honey and starch died some¬ 
what faster than those on starch and sugar, probably because they 
were able to take more food and thus to clog their alimentary tracts 
more rapidly. The last bee living in the cage with sugar and starch 
was removed alive December 4, while the last bee on honey and starch 
was removed November 29. The paste of sugar and starch tended 
to glaze, so that the bees could not readily take the food. To 
overcome this difficulty a drop of water was placed on the paste from 
time to time. The bees immediately took the food more readily. 
The details of the examinations of this series will be treated under 
the discussion of starch. The “soluble starch ” used was tested 
before using and every grain examined stained deep blue with iodine. 

THE AVAILABILITY OF THE CARBOHYDRATES AS FOOD FOR 

HONEYBEES 

From the foregoing records, it will be seen that in certain cases the 
bees died as quickly after ingesting certain carbohydrates as they 
did when given no food. This fact is interpreted to indicate that 
these carbohydrates are unavailable as food, even though actually 
ingested. In other cases length of life was materially increased by 
the eating of carbohydrates, which is interpreted to mean that such 
carbohydrates serve as food for the bees and are partially, and 
probably in most cases almost entirely, utilized. The results of 
experiments in which mixed foods were given indicate that not all 
components of the material can be utilized. 

The materials used in these experiments vary greatly in taste to the 
human tongue. That a carbohydrate tastes sweet to man is not 

E roof that this is true for bees, and some differences in taste to the 
ees may have made an appreciable difference in the amount of 
material ingested and may therefore have influenced the length of life. 
In some cases the bees took very small amounts of the material 
available to them and may actually have starved. In all cases they 
took some of the material offered (except possibly glycerin), and 
unless the carbohydrate served as food they died as if no food were 
given. 

In certain cases, such as the glucosides, the material was offered 
the bees as a means of determining whether they are able to hydrolyze 
ik In such cases it is assumed that if hydrolyzation were accom¬ 
plished the length of life would actually be decreased rather than 
increased, since the products of the splitting of these materials 
produces a material known to be poisonous to insects. 



Sept. i f 1927 The Utilization of Carbohydrates by Honeybees 


407 


A summary of the results of these tests follows: 

RESULTS OF EXPERIMENTS 

BEES WITHOUT FOOD 

The controls for these tests were bees which had no food other than 
that which they carried in their honey stomachs at the time they 
were placed in the cages. In the second series the bees lived without 
food for 4.34 days, 8 while in the first series the average length of life 
was only 1.74 days. The difference in temperature doubtless 
accounts for such variation. Later experiments gave still different 
results, but in no other case did the starved bees live as long as in the 
second series of feeding experiments. For this reason, the results of 
all feedings in the second series are less definite than those in other 
experiments. 

In colonies wintered in cellars with proper temperature conditions 
bees have been known to live for several weeks when separated from 
them food supply. Under the conditions surrounding the bees in 
these tests however, an average length of life of 4.34 days seems high. 
In other experiments ( 60 ) it has been found that high temperatures * 
and increased activity greatly increase the death rate. In certain 
cases it was found that some bees actually died of starvation within 
a few hours after being put into cages, the food in the alimentary tract 
being wholly exhausted. In other experiments not here recorded, the 
quantity of food consumed by bees hour by hour was determined 
by weighing, and an astonishing quantity was found to be consumed 
when the bees were at all excited, and their metabolic activity 
thereby increased. 

In considering the availability of each carbohydrate used it is 
necessary to compare the average length of life (and to some extent 
the greatest length of life observed) with the average length of life of 
the bees without food in the same series of feedings, since in each 
feeding series the various lots were subjected to the same external 
conditions, so far as knowm. 

GLUCOSE 

The bees lived w~ell on this sugar as would be expected from the 
fact that it is one of the chief constituents of honey. The results of 
the second feeding w r ere less conclusive than those of the first feeding, 
but the differences in these results are insufficient to suggest any 
difficulty with glucose as a food. ’Glucose being a simple aide- 
hexose sugar, no enzyme is required to make it available for absorp¬ 
tion. It is evidently assimilated readily. 

LEVULOSE 

As would be expected, this sugar served as food for the bees in both 
feedings (series 1 and 2). In the first feeding the bees lived as long 
as those fed on honey, within the limits of the probable error, and 
only a slightly shorter time than those on the cane sugar and starch 
mixture. In* the second feeding they lived slightly less time than 
those on honey and as long as those on maltose, within the limits 
of the probable error. This being a simple ketohexose sugar, no 
enzyme is required to render it available for absorption. It is 
evidently readily assimilated. 

* la tbe discussions probable error figures are- omitted but they will be found in the tables for each series 
of feedings. 
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GELACTOSE 

This sugar was fed only in the fourth series. The bees were not 
nourished by it and died as rapidly as the bees without food* within 
the limits of the probable error. This is a simple sugar and no 
enzyme is needed to render it available for absorption, so that 
apparently it is unsuitable for assimilation ‘ by honeybees. This 
simple aldohexose sugar occurs as a constituent of lactose and of 
raffinose and in more complex compounds, and attention may be 
directed to the unavailability of lactose as food for bees (p. 25). 

MANNOSE 

This simple aldohexose sugar does not occur in nature in simple 
form and therefore would not be expected normally to form part of 
the food of bees. It was tested in series 1, 2, and 5. In series 1 the 
bees on this food lived 1.977 times as long as did the bees without 
food, or 15.65 times the sum of the probable errors. In the second 
series they lived 1.046 times as long as the bees without food, or 1.47 
times the" sum of the probable errors, while in the fifth series the 
mannose bees lived 1.214 times as long as the starved bees, or 8.915 
times the sum of the probable errors. In the first series the last bee 
on mannose lived twice as long as the last bee without food; in the 
second series the last bees of the two lots died the same day; and in 
the fifth series the last bee on mannose lived one day longer than the 
last bee without food. 

The mannose used was a-dextro-mannose. No enzyme would be 
required to split this sugar so as to make it available for absorption, 
and although on the whole the bees on this food were able to live 
somewhat longer than starved bees (in all cases in which the length 
of life was greater than the sum of the probable errors and in two 
cases in which it was several times the sum of the probable errors) 
it still appears not to be readily available for absorption and assimila¬ 
tion. So far as the author has been able to learn, this sugar has not 
been tested with other species of animals. Mannite, an alcohol, 
will be discussed later. 

SUCROSE 

The first disaccharide to be considered is sucrose, which occurs 
widely in nature, as in cane and beet sugars and in nectar. This 
sugar was used in all of the first five series of feedings, serving as a 
control for the other carbohydrates used. The bees lived well on it 
in all cases. 

Cane sugar is used extensively by beekeepers to supply their bees 
when there is a shortage of honey, and is used especially for winter 
food when the honey in the hive is of inferior quality (indicating a 
high percentage of dextrins). It is well known, therefore, that bees 
are able to use this sugar as food. Since it, is often maintained, 
however, that bees need the salts and other materials in honey which 
are lacking in highly refined cane sugar, the only question which ever 
arises in the minds of beekeepers is whether cane sugar is as good as 
honey for use in the spring when brood is being feared abundantly. 
There is nothing in the results of these experiments to throw any 
light on this subject. 

By the action of the enzyme invertase (sucrase) each molecule of 
sucrose is hydrolyzed to form one molecule each of glucose and 
levulose, both of which, as has been seen, are available for assimilation 
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by bees. In feeding sugar sirup, beekeepers often partially invert 
the sugar by the use of an organic acid (usually tartaric) and heat. 
The purpose of this partial inversion, however, is not to make the 
sugar assimilable but to prevent the formation of crystals which the 
bees can not use without waste. As the result of partial inversion 
of the sugar before feeding, followed by still further inversion from 
the manipulation of the sirup by the bees during storage, a balanced 
supersaturated sirup is formed which will remain liquid for months. 

Invertase is exceedingly abundant in nature, being found in many 
species of plants and animals. That this enzyme is present in bees 
has been known for many years (4, 38 , 59 , 67 , 82 , 83 ). Several years 
ago Doctor Hudson, formerly in charge of the carbohydrate labo¬ 
ratory of the Bureau of Chemistry, was able to extract invertase from 
all parts of bees that had been dead for some time, and the amount 
of the enzyme present was found to be large (unpublished data). 
Invertase is also present in many pollens ( 31 , 39 , 57 ), but probably 
not in all. Invertase is also present in honeys ( 23 , 24 , 25 , 43 , 39 ). 
This is indicated by an interesting beekeeping practice recommended 
years ago by Doolittle, of putting unheated honey in sugar simp to 
be used for winter food “to prevent granulation,” 

According to Hudson and Paine ( 38 ), invertase fails to act in 
alkaline solution and rises to a maximum in weakly acid ones. The 
Ph value of the normal ventriculus of the worker bee is 6.8 to 7 
(neutral). It is about the same for the rectal ampulla, except when 
the latter is heavily loaded with pollen, in which case the Ph value 
may be as low as 6.4. 9 

LACTOSE 

This disaccharide sugar is a constituent of milk and by the action * 
of the enzyme lactase is hydrolyzed into the monosaccharide sugars, 
galactose and glucose. It was tested in series, 1, 2 , and 4. In each 
case the bees died as if starved, and in two cases sooner. It will be 
seen from the discussion of galactose that bees are not nourished by 
that sugar. If lactose were hydrolyzed by bees, there would be 
reason to expect that the glucose constituent would serve as food for 
them, regardless of whether or not the galactose is utilized. Lactase 
is also from its composition a jS-galactoside (70) and. compounds of 
this group are hydrolyzed by emulsin, which is sometimes considered 
as consisting of a mixture of at least four distinct specific enzymes ( 6 ). 
The failure of the bees to utilize lactose therefore suggests the absence 
of emulsin, as is also indicated in other tests with glucosides. 

In all tests with lactose the bees died as soon as if they had been 
given no food, so that they are evidently not nourished by it. In 
the first series of feedings they took almost no lactose, but they did 
take somewhat more in the second. Some lactose was taken in the 
fourth series, but the quantity was not weighed. Because of the 
low solubility of lactose, it was necessary to make a dilute solution. 
The results indicate, however, that this was not the cause of the death 
of the bees. 

MALTOSE 

In both feedings (series 1 and 2) the bees lived considerably longer, 
3.977 and 1.622 times, respectively, on maltose than did the bees 
without food. In the first feeding they lived as long as did the bees 


* Determination made by A. P. Stnrtevant. 
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on honeydew honey, within the limits of the probable errors, and in 
the second feeding they lived slightly longer. They are evidently 
able to utilize this carbohydrate as food. 

Maltose is a stage in the transformation of the insoluble and highly 
complex polysaccharide starch into the simple monosaccharide 
glucose. This action in nature is brought about by the action of 
enzymes of the amylase group, but it is usually believed that there 
are several distinct enzymes, each one of which is limited in its action 
to a particular stage of the series of changes which occur.. The 
original action is variously described as either the formation of 
dextrin and maltose, or of dextrins alone. If dextrins are formed 
then there is a second stage in the action in which maltose is formed. 
After maltose (a disaccharide sugar) is once formed, by whatever 
steps, it is further hydrolized by the action of maltase (glucose) an 
enzyme of the invertase group, each molecule of maltose forming 
two molecules of glucose. The enzymes of the amylase group are 
not concerned in this action. The enzyme necessary for the splitting 
of maltose (maltase) is evidently present in bees. 

The results obtained in feeding maltose are especially interesting 
in view of the inability of bees to utilize dextrins and starch, as 
will be later shown. Maltose is the first step in the transformation 
of starch into dextrose which the honeybee seems to be able to utilize 
as food. There was doubtless a small quantity of dextrin in the 
material fed but this, as wull be seen later, is unavailable to bees. 

TREHALOSE 

This is a disaccharide sugar which is hydrolyzed into two molecules 
of glucose. It does not reduce Fehling’s solution and is one of the 
most difficult sugars to hydrolyze with acids. It is not acted upon 
by the enzymes maltase, invertase, emulsin, or amylase but requires 
a specific enzyme, trehalase. Because of the fact that the bees were 
able to utilize this sugar in series 5, it seems necessary to discuss the 
distribution and splitting of this rare sugar at some length. 

This sugar was first noted by Wiggers (77) 10 in 1832, when he 
observed crystals from the water extract of ergot on rye, which he 
called Mutterkornzucker. It was differentiated from other sugars 
by Mitscherlich (54) in 1856, who gave it the name mycose. He 
determined the formula and described the crystal form. In 1858 
Guibourt (82, 33) described the trehala manna produced by the 
weevil Larinus nidificans on the twigs of a plant of the genus 
Echinops in Persia. 11 The material which Guibourt studied was 
turned over to Berthelot (1857-1859) (7, 8 } 9), who extracted from 
it a sugar which he named trehalose, the name still commonly used, 
although it has since been determined that it is idential with the 
sugar seen by Wiggers (77) and Mitscherlich (. 54 ). Beginning in 
1889, Bourquelot published a large series of papers on the finding of 
trehalose in various fungi, among which it is widely distributed 
during the. period of rapid growth. The sugar disappears rapidly 
after the picking of the fungi and is replaced by mannite. It also 
occurs in myxomycetes, in ferns, in certain marine algae, and in the 


10 This reference and some others which from their nature were not consulted by the author, are taken 
from an unpublished manuscript which the author was privileged to consult. Harding, T. S. biblio¬ 
graphy concerning trehalose. [Unpublished manuscript in U. S. Dept. Agr., Bur. Chem. Carbohy¬ 
drate Lab.] 

11 Regarding this insect and its product, see ( 64 ), 
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resurrection plant, Selaginella lepidophylla , of Mexico and western 
Texas. A sugar, iso-trehalose, has been artificially produced by 
Fischer and Delbrtick (29). 

This list of the known sources of trehalose has been given to show 
the improbability that this sugar has ever served as a natural food for 
honeybees. Apparently trehalose replaces sucrose in those plants 
which contain no chlorophyll and which do not manufacture starch. 
It serves as a reserve food material which can be utilized by these 
plants only after hydrolysis of the sugar into glucose. It is, of 
course, found in some green plants, as has been mentioned, but it has 
so far not been found in any plant from which honeybees make 
collections of sugar in the form of nectar. It is probable that other 
sources of trehalose may be discovered. 

The inversion of trehalose into tw T o molecules of dextrose was first 
described by Bourquelot. He found that trehalose was not affected 
by the invertase of brewer’s yeast or by emulsin. With nialtase he 
encountered some difficulties, for the enzyme obtained from Asper¬ 
gillus split both maltose and trehalose. By the application of heat 
he w r as able to show that the ferment ceased to act on trehalose at 
64° C., while it continued to act on maltose up to 74°, thus proving 
that two separate enzymes are present. It appears from Bourque- 
lot’s work, therefore, that for the splitting of trehalose by natural 
means a specific enzyme, trehalase, is required. It is important to 
note that trehalose, unlike sucrose, is split only with difficulty by the 
use of dilute mineral acids (50, 79, 80), and for the complete splitting 
into glucose only two hours’ heating at 110° in the presence of 5 per 
cent sulphuric acid is necessary. It is not to be believed that the 
splitting which evidently occurred in the utilization of this sugar by 
the honeybee is due to the presence of acids in the alimentary tract, 
as appears to be the case in the splitting of inulin in man. Fischer 
(28) questions Bourquelot’s conclusion of the necessity of a specific 
enzyme, since when one part of trehalose was kept at 33° for 40 
hours with 5 parts of dry pure yeast and 10 parts of water containing 
2 per cent thymol, 20 per cent of the reduced sugar was formed. He 
also found that trehalose is hydrolyzed by amylase, but because of 
the uncertainty which still surrounds the various enzymes, Fischer 
makes no positive statements regarding these facts. 

In considering the results of Fischer, Bourquelot and Gley (15, 
16) published two small papers giving data that appear to be con¬ 
clusive proof that a specific enzyme is required for the splitting of 
trehalose. They found that although dog-blood serum and human 
urine contain a very active diastase, as they shewed for the particular 
materials used in their experiments, those substances are without 
action on trehalose, and therefore the diastase of malt is a mixture of 
enzymes containing both diastase and trehalose. They also found 
later that beef-blood serum was without action on trehalose. In 
their later experiments they found that trehalose is hydrolyzed in 
the intestine of the adult rabbit, but that there was no reduction 
from the action of the pancreas. Extracts of pancreas and intestine 
of a young dog gave negative results. 

Before the bees were fed trehalose, its utilization unfortunately 
was not predicted and an inadequate amount of the sugar was 
obtained. Only 10 gm. were available. As a result, the average 
length of life is not found to be quite so great as in the case of the 
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bees fed sucrose during the same series of feedings. Before death 
occurred for all the bees, however, the supply of trehalose was 
entirely exhausted, and the last bees doubtless died of starvation. 
In the notes made at various times during the course of the experi¬ 
ment, it is recorded that the bees were as active as those on sucrose. 
Eight days after the first feeding, when the supply of trehalose sirup 
in the feeders was exhausted, the bees were in fine condition, and the 
last bee did not die until 17 days after the first feeding. The last 
bee on sucrose did not die until two days later, but this lot of bees 
took more food (because it was available), and this is doubtless the 
explanation of the longer life of the sucrose-fed bees. It appears 
from the records of this experiment that the bees on trehalose lived as 
well on this sugar as did the bees on sucrose. The contrast in series 
5 with the bees on various foods that are not utilized and with those 
to which no feed was given is most striking. 

It appears, therefore, that whatever enzyme is necessary for the 
splitting of trehalose, that enzyme is found in the alimentary canal 
of the honeybee. If, as is usually assumed a specific enzyme is 
required for this process, then in some fashion the honeybee has 
elaborated this. In view of the peculiar distribution of this sugar in 
nature as at present known, this result is somewhat surprising. 

The only insect other than the honeybee which might possibly use 
trehalose as a food is Larinus nidijicans which produces the trehala 
manna and the larvae of various species of Diptera which live on 
various fungi. In view of the fact that trehalose, which is later 
used by it in the manufacture of manna, is found in such large pro¬ 
portions in the rectal content of the Larinus larva, one might venture 
the guess that this larva does not digest trehalose. There seems to 
be no available information concerning the ability of the various 
larvae found in fungi to digest the several carbohydrates found 
therein. 

From the feeding results, it is suggested that bees contain the 
enzyme trehalase. The actual finding of an enzyme in an organism 
which has probably never encountered the substance acted upon 
until it fell into the hands of an experimenter, is not a new thing. 
Lactase has been found in the emulsin of almonds, or at least an 
enzyme has been found which hydrolyzes lactose, although it may 
act on the glucose element (I). Emulsin has been found in ali¬ 
mentary canals of vertebrates where it may produce toxic substances 
and where it is apparently not a useful enzyme. Bierry {12) (cited 
by Armstrong (f, p . 125)) found an enzyme which can hydrolyze 
a-methyl galactoside in the digestive juices of Helix, although no 
compound of a-galactose is known in nature. Kondo {43) “found 
that the liver is capable of synthesizing amino-acids from the corres¬ 
ponding ketonic acids and ammonia, even when the acids in question 
are not such as occur in the proteins of the organism. Since the one 
isomere is not of natural occurrence, but notwithstanding this it is 
attacked, it follows that, if a special enzyme is required, these 
organisms have produced in the course of their evolution an agent 
which has never had a chance of exerting its activity until the 
organisms fell into the hands of the physiologist ?? (d, p . 137). This 
quotation from Bayliss is here given because it seems probable that 
the hydrolysis of trehalose by the honeybee is another instance of 
the evolution of the ability to produce an enzyme, assumed to be 
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specific. It is probable, however, that never before in the evolution of 
the honeybee has trehalose been used as food, under which condition 
the enyzme could be utilized. Unless this is the case, one might 
assume that there is a source of trehalose as*yet unknown which bees 
have at some time utilized as food; but from the character of the places 
where trehalose has so far been found, this seems rather improbable. 
However, since bees have been found collecting and utilizing melezi- 
tose (p. 16), one need not be surprised to find that they have used 
almost any carbohydrate at some time or another. 

RAFFINOSE 

In three feeding series (1, 2, and 4) the bees died about as soon 
on this sugar as did those without food. The difference is practically 
within the limits of one time the probable errors of the experiment. 
Bees are evidently not nourished by this sugar, although in both 
feedings they took considerable quantities, more than in the case of 
lactose, and even more per bee per day than in the case of some foods 
which maintained life for a time. 

Raffinose belongs neither to the saccharose nor to the glucose 
groups of sugars but is a sacchoid (CigH 32 0ift) or trisaccharide. 
By hydrolysis it is first split into levulose and melibiose, and by 
further hydrolysis the melibiose is split into glucose and galactose. 
The first splitting is presumably due to the action of invertase, the 
same enzyme which splits sucrose into levulose and dextrose, and 
which is so abundant in bees. If this action occurs in the case of 
raffinose fed to bees, it might be expected that the bees would be 
nourished by the released levulose. The second enzymic action is 
brought about by the specific enzyme melibiase, and as melibiose 
alone was not fed to bees there is nothing in these feedings to show 
whether the second enzyme is present. Melibiose divides into the 
same sugars as are produced by the action of lactase on lactose. 
One can at present draw no definite conclusions concerning the 
failure of raffinose to keep the bees alive. 

MELEZITOSE 

In the one feeding of melezitose (series 3) the bees lived well and 
were evidently able to utilize this sugar as food. While the death 
rate was slightly more rapid than in the case of bees fed commercial 
cane sugar (sucrose), the fact that one bee was still alive at the end 
of a month is definite proof that bees utilize the sugar. 

On hydrolysis, melezitose is converted into turanose and glucose, 
and by further hydrolysis turanose yields glucose and levulose. 
Hudson and Sherwood (87) found that invertase is without any 
effect on a pure solution of melezitose. The enzyme which is 
capable of hydrolyzing this trisaccharide is not determined. By 
the use of acids the first step in hydrolysis is comparatively easy, 
but considerable difficulty is experienced in hydrolyzing turanose by 
means of acids. This is of interest in the present instance as it yet 
remains to be determined whether the bees simply hydrolyzed the 
melezitose to obtain glucose which nourished them, or whether they 
completed the process and hydrolyzed the turanose as well. The 
sluggish condition of the bees during the feeding suggests but does 
not do more than suggest,, that they were accumulating turanose as 
feces. Turanose is hydrolized by an enzyme found in AspergiMm 
niger known as turanase. 
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DEXTRIN 

In the first feeding in which dextrin was given with cane sugar 
the average life of the bees was longer than in the case of bees with¬ 
out food. This mixture maintained life longer than commercial 
glucose, which contains relatively more dextrin than the food used, 
and was about the same as for brown sugar, which contains un¬ 
determined indigestible materials. In the second series, however, 
the cane sugar was omitted and the bees died sooner than did those 
without food, but within the probable error. The results in series 4 
are the same as in series 2. Bees are evidently unable to maintain 
life on this carbohydrate. The dextrin used gave a slight blue color 
with a reddish tint when tested with iodine in potassium iodide. 
As there are doubtless many forms of dextrin in the transition of 
starch into maltose, it is impossible to say at just what stage of the 
hydrolyzing process in starch there is obtained a carbohydrate 
available to bees; but it is evident from the results of this feeding, 
as well as from other evidences, that most dextrins are not available 
to bees. 

The inability of bees to utilize dextrin as food is a matter of primary 
importance in practical beekeeping. In the w r ork done by Demuth 
and the author on wintering of bees, it was found that it was possible 
to cause the condition known as dysentery in wintering bees merely 
by giving honeydew or any dark honey and by confining the bees 
to the hive for long periods. The chief differences between the con¬ 
tents of dark honeys and the contents of lighter ones, on which 
dysentery is not contracted, are to be found in the dextrin content, 
although other materials are present in somewhat larger quantities 
in dark honeys than in lighter ones. In all this discussion an excep¬ 
tion must be made of buckwheat honey which is quite satisfactory 
as a winter food for bees. The dark color in this honey presumably 
comes from tannin bodies, doubtless present in small quantities 
and not known to be injurious to bees. These facts suggested that 
dextrins in honeys are the actual cause of dysentery, and further 
suggested that in no case is any microorganism involved, as has 
been suggested. To determine the availability of dextrin, the first 
series of experiments here recorded w r as undertaken. Since in the 
first series dextrin was fed with sucrose, the result was inconclusive, 
and a second series was undertaken, in which, as has been seen, the 
bees died on dextrin as soon as if starved. 

The literature on the digestion of bees, to which references have 
been made earlier, indicates that bees are able to digest starch, since 
the enzyme diastase has repeatedly been recorded as occurring in 
the alimentary canal of the bee. The term “diastase” is used in 
these cases presumably to include the whole series of enzymes which 
*are capable of hydrolyzing starch into glucose, and dextrins are 
part of the series of compounds through w T hich the starch passes in 
this series of changes. If therefore diastase is present in the bee 
one might expect that dextrin would serve bees as food. These 
matters will be treated at greater length under the discussion of the 
utilization of starch, in which it will be shown where the errors in 
former investigations have apparently been made. 

Dextrins are the first soluble materials formed in the hydrolysis 
of starch in the plant, in which stage the carbohydrate material of 
the plant may circulate through plant tissues. This apparently 
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enables dextrin to pass through nectar glands and thus to enter the 
hive. If dextrin were actually hydrolyzed by bees, there might be 
reason to expect that in the honey-ripening process, this material 
would be changed into glucose. The variation in the dextrin con¬ 
tent of honeys has already been mentioned. The presence of dex- 
trins in ripened honeys and honeydew honeys is in itself circum¬ 
stantial evidence of the inability of bees to provide the enzyme 
necessary for this transformation, at least in the honey stomach and 
salivary glands. As has been shown in the discussion of maltose, 
the enzyme which acts in the change of dextrin into maltose belongs 
to the amylase group, and apparently this entire group of enzymes 
is absent from the lumen of the alimentary tract of the bee. This 
will be discussed in detail under starch, in which discussion it is 
shown that amylase (or an allied enzyme) may be present elsewhere 
than in the lumen of the alimentary canal, and may thus help to 
explain the discrepancy between these results and those obtained 
by investigators who made enzyme extracts. 

From these results the theory that dextrins are the cause of dysen¬ 
tery in wintering bees is greatly strengthened. Dysentery is so 
important in practical beekeeping that further investigations on 
this subject may well be carried on, especially since the work here 
recorded throws doubt on the presence of amylase or dextrases. It 
is certain, regardless of the final outcome of the work, that there is 
something in the darker grades of honey which is indigestible and 
that the accumulation of this material causes the condition so much 
dreaded by beekeepers. The theory of causation by a microorgan¬ 
ism has so far nothing to support it. Of all the substances which 
increase in amount with the darkening of hone}^, none is so evident 
as the increase in dextrins, which adds greatly to the validity of the 
theory that dextrins are the cause of dysentery. The various plant¬ 
coloring materials which occur to a greater extent in dark honeys, 
* in association with dextrins, seem to be quite insufficient in quantity 
to account for the relatively enormous accumulations. of feces in 
bees with dysentery; and that the quantity of feces to he accounted 
for is very large is well known to all beekeepers. 

STARCH 

This a complex polysaccharide, formed by the action of enzymes 
from many molecules of glucose, the starch molecule being exceed¬ 
ingly complex, and the number of constituent glucose molecules 
uncertain or variable. Starch is insoluble in water and in order 
that it be absorbed after digestion it must first be hydrolyzed by 
enzyme action (or by heat or acid artificially) until it reaches the 
stage of glucose again. That it may pass from place to place within 
a plant, it must be reduced at least to the stage of soluble dextrins. 
This reduction occurs in nature also through the actions of enzymes. 
As was stated under the discussion of dextrins, this cycle of enzyme 
action is presumed to depend on the successive action of several 
enzymes, all grouped together in the series of amylases (commonly 
called diastases). Starch grains are protected in plant tissues by a 
coating of cellulose, still more complex in molecular arrangement 
than starch itself. In order that the starch grain may be acted upon 
by amylase this coating must first be removed, either by the action 
of an enzyme, a eytase, or by other means. In the second series of 
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feedings, the coating was removed by cooking, while in the sixth 
series soluble starch which had been changed by some process that 
broke up the original starch grains into smaller units was used. 12 

In the first series, when potato starch was given with cane sugar, 
the average length of life was slightly greater (5.67 times that of the 
starved beesi than on any other food and the last bees died on the 
seventeenth day, at which time the last bees on honey also died. 
In the second series, potato starch was given in the form of a cooked 
paste and on this material the bees died as rapidly as if starved. 
The bees having dextrin died almost at the same rate as those on 
starch. This is interesting since, as observed in the discussion of 
dextrin, it is usually stated that bees have diastase in the alimentary 
canal. Petersen {>59) states that he found diastase, but in his experi¬ 
ments he records nothing about the removal of the contents of the 
alimentary canal before the extraction of the enzymes; and because 
pollen is such a prolific source of diastase, the author was at first 
inclined to believe that the error in Petersen *s w r ork arose from the 
enzymes extracted from included pollen. 

Since Petersen has stated positively that the bees contain within 
their alimentary canals the enzyme which serves to hydrolyze starch, 
it is desirable to examine his work in some detail. When he fed a 
solution of starch and sugar (heated for a time) wdiieh the bees ac¬ 
cepted readily (see first series of experiments, p. 11), by means of 
iodine in potassium iodide, he traced the starch through the alimen¬ 
tary canal, found little of it in the rectal ampulla, and assumes that 
M a larger part” of it was converted into maltose or glucose. He was 
unable to demonstrate any change of starch into more soluble car¬ 
bohydrates in the honey stomach, which is interesting in view’ of the 
claim of von Planta and others that there is diastase in honey. 
Not satisfied with the work previously done on this point Petersen 
performed the following experiment: 

One gram of starch and 2 grams of NaF were dissolved in 100 e.c. of 
water with heat (solution I). Then 50 bee intestines w T ere ground 
with 10 c. c. of equal parts glycerin and 1 per cent NaF solution, 
treated with toluol, and filtered. The filtrate 7 c. c. in quantity w^as 
brownish yellow’ and cloudy. He then made the following combina¬ 
tions: 

(1) 3 e. c. filtrate and 1 c. c. solution L 

(2) 2 e. c. filtrate ami 0.5 c. c. solution I. 

(3) 2 c. c. filtrate and 0,5 c. c. solution I. 

(4) Starch, solution 1. 

After 24 hours at room temperature No. 1 combination gave a red 
violet color with potassium iodide. After 24 hours more all four 
were tested with the following color results: 

(1) dark rose; (2) light rose; (3) dark rose; (4) blue. 

No. 1 was then alkwed to stand at a temperature of 40° C. and 
after 24 hours more gave a light red color with potassium iodide. 
As the mult of these experiments Petersen states: “I consider the 


P’ p ‘ ®akmg of a paste of starch changes its chemical composition, 

f* appearuce. “ Employing the iodine test/’ he sajs. “we find that the original 

u l, a coloration Finally, this latter reaction also disappears. 

Evm without using iodine the fluid exhibits a marked alteration in appearance. Origmallv it is semi- 
mw u beeoa ^ transparent and quite watery. The starch, as such! has disappeared, 
KlSSi™ *****¥* , \ Iallose betrays its presence by the fluid being capable of reducing 

&lK*lin« copper sulphate (Fehlmg s solution).” * * 9 



Sept. 1,1927 


The Utilization of Carbohydrates by Honeybees 


417 


breaking up of starch into dextrin as proven. ? ? He did not succeed 
in dissolving starch with the intestinal contents in a hanging drop. 

The essential error in this experiment is that the author seemingly 
did not remove whatever pollen may have been in the intestines of 
the bees which he used in these experiments, and as most pollens 
contain diastatic enzymes, the whole experiment seems valueless. 

After these experiments had progressed to series 4, the paper by 
Pavlovsky and Zarin (58) appeared, in which the statement was 
again made that the alimentary tract contains diastase. . These 
investigators avoided the error which caused the present author to 
doubt the results obtained by Petersen, by removing the contents of 
the tract before extracting the enzyme. This necessitated still 
fiirther work on starch, as a result of which the sixth series of feedings 
discussed in this paper was undertaken. 

The feedings described for the sixth series were conducted, not to 
determine, the death rate but to follow the course of ingestedstarch 
to ascertain whether any of it is modified by the digestive processes 
of the bee. To assist in the action of amylase, if present, these bees 
\cere not kept in a cool room but in ordinary room temperature 13 . 
They ’were not kept in a dark room but were exposed to a certain 
degree of stimulus from diffused, subdued light in order to induce 
somewhat greater activity and thus an increased need for food on the 
part of the bees. From time to time individual bees were removed 
while still living and the entire length of the alimentary canal was 
examined with Gram’s iodine solution to determine whether any of 
the grains of soluble starch were in any way changed, as indicated by 
a change in color reaction with iodine. 

If Pavlovsky and Zarin (58) are correct in stating that amylase is 
present in the lumen of the alimentary tract, then some of the grains 
of starch ingested as was the case in this series should stain red with 
iodine, others should take no stain with iodine, and still other grains 
should dissolve because the carbohydrate material has reached the 
stage of solubility. Whatever starch w'as actually rendered soluble 
would be invisible by the methods here used, but if diastatic action 
were actually occurring one should be able to find some starch 
grains taking a red stain with iodine and others taking little or no 
stain. If, on the other hand, every grain of starch stains deep blue 
with iodine, the conclusion seems obvious that the starch is not being 
acted upon by an enzyme. 

Without going into the details concerning the examinations of 
individual bees, which w r ere made several times a day as long as the 
bees lived, it may be said that up to the last day with the last bee, 
every ingested starch grain stained deep blue with iodine. It some¬ 
times happened that the iodine would not at once penetrate the great 
mass of starch in the ventrieulus and that the inner grains would 
therefore remain unstained or very slightly stained. Only the 
application of more iodine solution was necessary, however, to 
stain all the grains in the manner characteristic of unmodified starch. 

is The temperature conditions prevailing in all these experiments were not especially favorable for the 
action of amylase. According to Jost (B8) (figures after Kjeldahl ( 40 , p. Hi), at least for the amylase fer¬ 
ments found in plants, the action at 20° C. is about half that at 50° to 63° C. The maximum, m inimum, and 
optimum points for different enzymes of the amylase group are not always the same. The temperature of 
the warmest part of a bee hive (consequently the approximate internal temperature of the bee® in the hive) 
rarely exceeds 35° C. Bees awey from the hive have a body temperature approximately the sama as that 
of the surrounding air, varying between about 12° C (at which temperature Sight may begin) and 35* to 
38° C, 

67p89—27-3 
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This was true of the few grains of starch found in the honey stomachs 
of a few bees and of all grains in the ventrieulus, small intestines, 
and rectal ampulla; and even the hindermost grains, probably those 
longest exposed to whatever enzyme action was present, stained the 
same as those ju*t ingested. The conclusion is theiefore unavoidable 
that this starch is not modified by an enzyme present in the lumen of 
the alimentary canal of the worker bee. 

When reputable investigators announce the finding of diastase in 
the alimentary tract, and there can be no question of the accuracy 
of their statements; when one can trace starch through the entire 
alimentary tract and find none of it modified; and when bees having 
starch alone die as rapidly as if starved, there must of course he some 
explanation of the difference, and this explanation becomes unusu¬ 
ally interesting. For several days during the progress of feeding in 
series 0, no suggested explanation was found. When the contents of 
the alimentary canal of one of the bees in series 6 was dissected the 
entire ventrieulus was left on the slide and the iodine solution allowed 
to run about it. Some of the ventrieulus lying in the microscopic 
field was found to be peculiarly stained. The muscles surrounding 
the ventrieulus stained deep reddish brown, indicating the presence 
on these muscles of stored glycogen. While apparently there is 
still much work to be done on the enzyme reactions of glycogen, it is 
a common opinion that the enzyme splitting glycogen into glucose 
is the same enzyme which splits starch into glucose. Probably sev¬ 
eral enzymes are necessary in either case, but presumably also the 
entire series of enzymes are the same in both cases. It is further 
believed that an enzyme which can hydrolyze a carbohydrate also 
has the ability to cause that same carbohydrate to be built up from 
the component sugar molecules. In other w r ords, enzymes are known 
to possess reversing action. On this assumption, the presence of 
stored glycogen in the muscles surrounding the ventrieulus indicates 
the presence in these muscles of a diastase which enables the tissue to 
form glycogen. Obviously there could be no stored glycogen in 
these muscles without the action of the necessary enzyme. 

Pavlovsky and Zarin (58) took the precaution to remove the 
contents of the alimentary canal, thus getting rid of the pollen therein 
contained, w r hich is a prolific source of amylase. Herein they were 
on safer ground than Petersen (59) who says nothing about the 
removal of the contents. The Russian authors did not, however, 
remove the surrounding muscle layers from the alimentary canal, 
which would in fact be an impossibility, since the muscles are defi¬ 
nitely incorporated in the tissues of the walls of the ventrieulus. 
The presence of glycogenase in muscles is, of course, not at all sur¬ 
prising, certainly not in the bee, since it is well known that tissues 
of this insect store glycogen, notably the so-called fat body of both 
developmental and adult stages. As the situation now stands, 
therefore, there is no substantial evidence to support a belief that 
amylase actually occurs within the lumen of the alimentary canal 
of the honeybee. There is, on the other hand, rather definite cir-, 
cumstantial evidence that an enzyme does occur in a place which 
would invalidate all the experimental work so far recorded. Since, 
as has been stated at length, bees starve on starch alone and fail to 
modify a single starch grain in the alimentary canal, there seems 
reason to believe that under the conditions of the experiments 
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recorded, the lumen of the alimentary canal does not contain amylase 
and therefore has not the ability to hydrolyze starch or dextrin into 
glucose. 

It still remains to explain the presence of amylase in honey, which 
can hardly be doubted in view of the considerable number of investi¬ 
gators who have reported finding it. Since amylase is a common 
plant enzyme and since the components of nectar are formed in the 
plant by the action of enzymes, of which amylase is one, there is 
the possibility that amylase is present in nectars and that it still 
remains after the ripening process. There seems to be nothing in 
the process of ripening honey which would tend to destroy or weaken 
amylase. Auzinger (2) definitely states that diastase is added from 
the salivary glands, but offers no proof of the statement. It is a 
rather safe assumption that he makes this statement on the basis 
of previous statements that diastase occurs in the alimentary tract 
of the bee. No certain explanation for the presence of amylase in 
honey seems possible at this time. There is reason, however, to 
question the statement that it has its origin in the bee itself. It 
may not be inappropriate to point out that honeys contain dextrins 
after the ripening process is completed. This indicates either that 
diatase is absent from honey or that hydrolysis has progressed until 
a balance has been reached. In that event one would assume that 
the original nectar had contained a considerable percentage of 
dextrins. for which there is no evidence. It may then be that the 
amylase extracted from honey is derived solely from included pollen 
grains, which it would be impossible to remove"entirely by any known 
process. 

The absence of amylase in the lumen of the alimentary canal is 
significant only because of the bee’s inability to digest dextrins. 
Bees rarely get starch with normal food, and the only normal food 
which might contain starch is pollen. It is often stated that pollen 
contains no starch {59) but this is quite erroneous. There is con¬ 
siderable variation in the starch content of pollens, the same species 
having starch grains in some places and not in others. Some tropical 
plant species have starch grains in their pollen, but as a rule starch 
grains are present in the pollens of plants growing at high latitudes. 
Various grass pollens contain starch grains, and Sturtevant {72) has 
pointed out that the presence of these minute grains may cause 
confusion in the diagnosis of Nosema disease of adult bees. 

The inability of bees to support life on starch is interesting further 
in view of the fact that in the spring of the year when brood rearing 
is heavy and when there is at times a shortage of this material 
beekeepers sometimes provide their bees with substitutes for pollen 
{56). Most of the materials used, such as corn, rye, and wheat 
flours, are rich in starch, which doubtless serves only for the forma¬ 
tion of feces. 

INULIN 

In view of the failure of honeybees to utilize starch, it was thought 
desirable to test their ability to maintain life with another poly- 
saccharid of about equal complexity which requires another enzyme 
for its hydrolysis. Inulin is hydrolyzed by inulase but it is also 
readily hydrolyzed by weak acids (fj), only 0.05 to 0.2 per cent being 
required at a temperature of 40° C. The acidity of the ventriculus 
of the honeybee in terms of hydrogen-ion concentration is P H 6.8 



Vol. 33, No. 5 


420 Journal nf Agricultural Research 


to 7, Inulin belongs to the group of carbohydrates which on hy¬ 
drolysis split into levulose (levulans), and the enzymes which act 
on them are collectively known as levulanases. 

According to Straus (71), inulase is found in the feeding larvae ^of 
Bomby? mart and Hyponomenta sp., and is absent in five other species 
of Lepkloptera and Diptera studied. Xo inulase was found in the 
larvae of the species mentioned after they had ceased feeding, nor in 
the pupae or adults. Ivobert (41) failed to find this enzyme in various 
invertebrates studied. For the higher animals the results obtained by 
various workers have apparently been in disagreement, but the more 
recent work has indicated that while inulase often fails to appear in the 
feces and while levulose does not appear in the urine of diabetic pati¬ 
ents fed inulin, the disappearance of the inulin may be attributed to 
the fermentation of the inulin in the intestine without benefit to the 
organism f4$, 53, 55). The literature on the hvdrolvsis of the 
levulasans has been well summarized by Swartz (78), from which it 
appears that with the exception of the two insects mentioned, no 
enzymes have been found in animals which split inulin. 

It is therefore not surprising that the bees failed to be nourished by 
inulin fed them in the way employed in the present experiments. 
The bees which took this carbohydrate died as rapidly as did those 
without food. Pavlovsky and Zarin (38, p . 526), state that “the 
results obtained in our experiments allow us to conclude that the 
intestine of the bee does not produce inulase.” In the table sum¬ 
marizing the results of their experiments they use a plus sign after 
inulase for the column headed “stomach,” and a minus sign for all 
other parts of the alimentary tract. When the present author 
attempted to learn the cause of this descrepancy from the editor of 
the journal in which the paper by Pavlovsky and Zarin appeared 
he was informed that the use of the word “intestine” in the manu¬ 
script was not uniform. This word was sometimes used to designate 
the entire alimentary tract and sometimes to designate the intestine 
proper. The explanation of the descrepancy is therefore not clear. 

GLYCERIN 

Glycerin, a triose sugar, was tested in the series 4 feeding 
The bees died as soon as if starved, in fact it was not certainly deter¬ 
mined that they took any of the glycerin. While this material is sweet 
to the human taste the bees were" apparently not attracted by it. It 
has several times been suggested that glycerin be used in the making 
of candy for shipping queen bees by mail, since the use of glycerin 
would prevent the drying of the candy. This single experiment 
suggests that it would be unsuitable for such a purpose; nor is there 
any reason to suspect its availability as food. The small quantity 
which would be used in such candy might do no harm, but it could 
hardly be desirable for the bees, since it would probably cause the 
formation of feces in the bees at a time when such material is highly 
deterimental. 

RHAMNOSE 

While it is hardly to be expected that bees will be able to utilize 
pentose sugars, it nevertheless seemed interesting to test these sugars. 
Rhamnose (a methyl pentose) therefore was used in feeding series 5. 
The bees died as rapidly as if starved, although they took some of the 
rhamnose offered them. This sugar does not occur free in nature but 
is a constituent of many glncosides and of flavone derivatives. 
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XYLOSE 

This is a pentose sugar, occurring commonly in a polysaccharide 
group, the pentosans, some of which hare been found in honey. On 
this sugar (series 5) the bees died as rapidly as did those which had 
no food and no water. The length of life of bees fed on xylose was 
greater by seven times the sum of the two probable errors than that 
for the bees given no food but allowed water. This difference appears 
to have no significance. 

d-ARABINOSE 

This is another pentose sugar, not fermented by yeast. Bees given 
this sugar in feeding (series 5) died almost as rapidly as those without 
food and as fast as did those without food and without water. 

2-ARABINOSE 

Since 1-Arabinose could also be obtained, it seemed interesting to 
determine whether the reverse molecular arrangement of this pentose 
sugar would have any different effect on the bees. They died when 
fed on this just as rapidly as did bees on the isomere. 

MANNITE 

This carbohydrate alcohol has been found in manna, in the sap 
of the larch, and in other parts of plants, and also in .honey dew ( 74 ). 
It seemed therefore of more than usual interest to determine whether 
bees may maintain life on it. The bees in series 5 which were given 
this carbohydrate lived 1.318 times as long as did those without 
food, or 8.9 times as long as the sum of the two probable errors. 
This is slightly longer than the other carbohydrates of this series, 
which did not benefit the bees, but is in sharp contrast with the results 
on sucrose and trehalose. The mannite doubtless failed to benefit 
the bees to which it was fed. 

AMYGDALIN 

There was no reason to suspect that bees might be nourished by 
this glucoside, but it was tested to determine whether they have the 
ability to split it into its component parts. The material is bitter 
and readily soluble in water. When amygdalin is hydrolyzed by the 
action of the enzyme emulsin, an enzyme found in many species, it 
forms benzaldehyde, two molecules of glucose and hydrogen cyanide. 
It might be natural to assume, therefore, that if bees produce emulsin 
they would split this glucoside and thus release hydrogen cyanide, 
and that they would be poisoned thereby. If emulsin were present, 
it would be expected that the death rate from the splitting of amyg¬ 
dalin would be more rapid than from starvation. As a matter of 
fact, the death rate for bees fed anrrgdalin was practically the same 
as for the bees without food, which leads to the suspicion that emulsin 
is absent. Pavlovsky and Zarin (58) report the absence of emulsin 
with the use of amygdalin. 

SALICIN 

Still another glucoside, salicin, was used in series 5 with the same 
result as was obtained with amygdalin. This is a natural glusocide, 
occurring in willow bark. It is hydrolyzed by emulsin to glucose 
and saligenin, which in turn yields salicylic acid on oxidation. This 
was tested by Pavlovsky and Zarin in their tests for emulsin, with 
negative results. In series 5 the bees died as rapidly as did those 
without food. 
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Tlie testing of these two gluosides was of special interest in view of 
the fact that it has been reported that some poisonous honeys contain 
andromedotoxin, a glucoside found in plants of the Ericaceae. . There 
are numerous vague reports of honeys from this group being poisonous 
to man, the supposition being that the contained glucosides are the 
poisonous element. It may first of all be stated that poisonous 
honeys are of exceedingly rare occurrence, so rare in fact as to be 
almost nonexistent. In one case of poisonous honey from a Southern 
State, the evidence pointed to one of the Ericaceae as the source of 
the nectar. It was impossible, however, to identify pollen grains of 
that species in the honey. Neither was it possible chemically to detect 
the presence of the glucoside in the honey. In spite of these facts 
the honey caused distressing symptoms in those who ate it. Fortu¬ 
nately it had a bitter taste so that no one ate enough of it to be 
harmed seriously. The bees were observed working freely on this 
species, but there was not the slightest evidence that they were injured 
by the material gathered, as might have been the case if they had 
been able to hydrolyze the glucoside andromedotoxin, which contains 
hydrogen cyanide as a constituent. 

COMMERCIAL GLUCOSE 

This substance, sometimes called com sirup, is a mixture of dextrin, 
glucose, and maltose, formed by the action of acids on starch. The 
same action may occur through the action of amylase. As will be 
seen from the data on glucose and maltose, either or both of these 
sugars are capable of nourishing bees, but as will be seen from the 
discussion of dextrin, this is not utilized for bees, forms feces in 
abundance, and causes activity on the part of the bees which wears 
them out and causes premature death. In the first feeding of com¬ 
mercial glucose the bees lived 2,48 times as long as did the starved 
bees. In the second feeding they died about as soon as the bees 
without food, but lived a little longer than did the bees on com¬ 
mercial glucose in the first feeding. What nourishment the bees 
received from this substance was doubtless from the glucose and 
maltose. 

When the manufacture of commercial glucose was first begun on 
an extensive scale in the United States many beekeepers tried feeding 
it to their bees in winter. In all recorded cases dysentery developed 
and the losses of colonies on this food was heavy. The first difficulty 
encounterd was that bees did not take it readily, either because of 
its lack of sweetness or of the presence of some taste disagreeable to 
them. Bees will often starve with, commercial glucose available to 
them. Especially in the first feeding, the amount of commercial 
glucose taken by the bees was smaller than for other foods on which 
they lived. In the second feeding, when the amounts of all the foods 
taken were smaller, the bees on commercial glucose died almost as 
rapidly as did those without food, 

BROWN SUGAR 

In the first feeding the bees lived considerably longer on this food 
than did those without food, while in the second feeding they died 
almost as soon as did the bees without food. Bees are obviously 
able to utilize sucrose which is the chief constituent of this sugar; 
and the fact that they died sooner on this than on chemically pure 
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sucrose indicates that the other constituents are less suitable. The 
brown sugar used was not analyzed. It was medium brown. Brown 
sugars contain in addition to sucrose, some reducing sugars (3 to 6 
per cent), considerable ash (0.8 to 3 per cent), and moisture. There 
are also present certain dextrins, probably the constituents which 
are undesirable froni the standpoint of bee feeding. 

That brown sugar is totally unsatisfactory as food for bees in winter 
confinement was clearly shown during the period of the war when 
sugar was scarce. An extensive beekeeper in one of the Northern 
States unable to get granulated sugar, fed some light brown sugar 
with the result that he lost most of the colonies so fed. Since this 
beekeeper is highly skilled in his work, there is no reason to suspect 
any other cause of the death. Bees not so fed came through the 
winter in fine condition. 

HONEYDEW HONEY 

In the first feeding the bees lived almost as long on this food as 
they did on cane sugar or honey, and they are therefore nourished by 
it. The amount of dextrins present was not sufficient to cause much 
earlier death under the conditions of the experiment. In the second 
feeding the bees died almost as soon as those without food. Whether 
this sample of honeydew honey contained melezitose in addition to 
glucose, levulose, and sucrose does not appear to be essential, as bees 
are able to utilize all these sugars. Any detrimental effect resulting 
from this food doubtless came from the dextrins. The effect of 
honeydew honey on bees confined for a longer period in winter has 
been described (63). 

HONEY 

As is to be expected, the bees on this food lived as long as those on 
any food. In the second series the bees on levulose lived slightly 
longer, but the difference is well within the range of the probable 
errors. In the first feeding the bees on starch and cane sugar mixture 
lived longer than those on honey, but almost within once the probable 
errors. Because of the dextrin content, the honey used in these 
feedings would be considered of rather inferior quality for market 
as well as for use by bees in winter, but for the most part the bees 
made a good showing on it. 

CONCLUSIONS 

The sources of food as well as the feeding habits of the honeybee 
are specialized. Because of the total dissimilarity between the struc¬ 
ture and physiology of the alimentary canal of the bee and of higher 
animals, analogies of function between the parts of the alimentary 
canal, such as the application of identical names to supposedly homol¬ 
ogous parts, are exceedingly unwise. The foregoing experiments 
also show that physiological analogies between bees and higher 
animals are as unwarranted as are anatomical ones. Even in closely 
related insects, where there are closely homologous structures in the 
alimentary canal, it is unwise to assume the same abilities to absorb 
and assimilate certain materials as food, because of homologous 
structure and apparent physiological homologies. Because of the 
great diversity of foods used, enzymes of all kinds may be assumed 
to exist among insects. In some instances the enzymes have been 
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found, but this is no basis for assuming that they will also occur in 
related species. Because of the diversity of feeding habit, it seems 
necessary to determine the availability of various materials for almost 
every species separately and to avoid guesses from analogy. 

In the present studies, only the carbohydrates have been investi¬ 
gated for their availability as food for bees.^ This is possible by the 
method used, because bees frequently remain alive and active for a 
considerable time with no food other than carbohydrates. 

Of the monohexose sugars, bees utilize as food glucose and levulose, 
but not galactose and probably not mannose. Of the disaccharides 
they utilize sucrose, trehalose, and maltose but not lactose. Of the 
trisaccharides they utilize melezitose but not raffinose. They fail 
to utilize as food the more complex polysaccharides dextrin, starch, 
or inulin. It is evident from the fact that they do not die more 
rapidly when given the glucosides containing hydrogen cyanide as a 
constituent that bees lack the enzyme emulsin. They do not 
utilize glycerin, mannite, or the four pentose sugars, rhamnose, 
xylose, 2-Arabinose, and Z-Arabinose. They can live on commercial 
glucose for a time from the dextrose and maltose present, but show a 
pronounced dislike for this material, and it does not serve as a safe 
food. They can live on brown sugar, but practical experience in the 
apiary shows its unsuitability for winter feed. Honeydew contains 
sugar which bees utilize but it is unsafe for winter. Honey, even 
the rather inferior type used in this experiment, is as good as any 
food material for bees, and there is reason to believe, from data not 
herein contained, that it is far better for bees at certain times of year 
than any artificial sugar obtainable. 

Interpreting these findings in terms of enzymes, it appears that the 
honeybee contains invertase, maltase, and trehalase but not lactase, 
emulsin, inulose, amylase (diastase), and dextrase, if this is to be 
separated from amylase. No evidence is herein contained on 
enzymes other than those which are concerned in the hydrolizing of 
carbohydrates. 

From the point of view of practical beekeeping, the absence of 
enzymes of the amylase-dextrase group is of first importance, and the 
work here recorded supports the theory that dysentery in winter is 
caused by the indigestibility of dextrins in the winter food supply, 
and the consequent accumulation of this material in the rectal am¬ 
pulla as fecal material. 
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THE UTILIZATION OF CARBOHYDRATES AS FOOD BY 
HONEYBEE LARVAE 1 


By L. M. Bektholf 2 

Formerly Junior Biologist in Apiculture, Bee Culture Investigations, Bureau of 
Entomology , United States Department of Agriculture 3 

INTRODUCTION 

The food of honeybee larvae, as of animals in general, consists of 
mixtures of carbohydrates, proteins, fats, mineral salts, water, and 
presumably vitamins. But, of course, this statement does not mean 
that the larvae can utilize all the carbohydrates, all the proteins, all 
the fats, etc. Thus far, however, no one has reported any attempt to 
discover which particular ones from each of these classes of foods the 
larvae can use. 

Since carbohydrates constitute one of the most important classes 
of foods, and since they are for the most part well known chemically, 
it has seemed to the writer logical to begin the consideration of this 
problem with an investigation of the ability of the larvae to use 
carbohydrates as food. 

This investigation seemed worth while for two reasons: (1) It might 
be of practical value to the beekeeper to know which carbohydrates 
the larvae can utilize, since during the latter part of their larval life 
workers and drones are fed large quantities of carbohydrates, often 
furnished by the beekeeper; (2) from the point of view of compara¬ 
tive physiology it would be of interest to know how honeybee larvae 
compare w r ith honeybee adults, and also with other insect larvae and 
adults, in their ability to utilize certain carbohydrates. 

REVIEW OF PREVIOUS WORK ON DIGESTION OF CARBOHYDRATES 

IN INSECTS 

A review of the literature regarding carbohydrate digestion in 
insects reveals, as mentioned above, no previous work on honeybee 
larvae, but shows considerable work on honeybee adults and on 
larvae and adults of other insects in several of the orders. (Table 1.) 
Most of the work has been a search for enzymes in the various portions 
of the alimentary tract. Usually an extract was made of the organ 
under investigation and the action of this extract was tested on various 
carbohydrates. According to this method, if a carbohydrate was 
hydrolyzed by the extract, the enzyme peculiar to that process was 
supposed to be present. 

In a few instances, in the investigations of Cleveland (7), 4 Sieber 
and Metalnikow (21), Chapman (6), and Phillips (17), a direct feeding 
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method was employed, a group of insects being fed on a certain 
carbohydrate until all of its members died and the length of life of 
such a group being compared to that of other groups kept as checks. 
If the group fed on a certain carbohydrate lived longer than a similar, 
starved group, its members were supposed to possess the ability to 
utilize that carbohydrate as food. 

Table 1, —A summary of investigations on the digestion of carbohydrates by insects 


Name of insect 


Orthopfcera: 
Blatta orien- 
talis. 

Do. 


Do. 


Do. 

Do.. 


Do. 

Do. 

Do. 

Do. 

Do. 

Penplaneta 

americana. 

Sfetheophy- 
ma gros- 
sum. 

Locusta viri- 
dissima. 

Do. 


Do.. 


Isoptera: 

Reticuli - 
termes fla- 
vipes. 

Hemiptera: 

Cicada sp.__. 

Aphropliora 
s a 1 1 c i s 
(De Geer). 

Do. 


Nepa cinerea. 

Ranafcra lin¬ 
earis. 

Notonectes 

sp. 

Lepidoptera: 

Liparis dis¬ 
par. 

Pieris bras- 
sicae. 

Do. 

Tineola bi- 
selliella. 

Galleria mel- 
lonella. 


Do. 

X>o. 


Part investigated <* 


Extract of salivary gland. 

Extract of walls of mid¬ 
gut. 

Secretion of salivary 
glands. 

Secretion of gastric coeca.. 

Secretion of Malpighian 
tubes. 

Extract of salivary glands 

Extract of fore-gut... 

Extract of gastric coeca... 

Extract of mid-gut. 

Extract of hind-gut. 

Pulverized salivary 
glands. 

Extract of salivary glands. 


-do. 


Extract of salivary 
glands, pupa. 

Extract of salivary 
glands, larva. 

Ability to live. 


Extract of whole gut.... 
Extract of salivary 
glands, larva. 

Extract of alimentary 
tract, larva. 

Extract of salivary glands. 
-do.. 


Extract of whole gut. 


Secretion of mid-gut of 
larva. 

Extract of gut of larva-—. 


Extract of gut, adult. 
Excrement of larva— 


Ability to live- 


Extract of intestine of 
larva. 

Extract of whole feeding 
larva. 


Straus (%$) 

The adult Insect is referred to unless otherwise stated 


Investigator 


Basch (0)— 
.do.. 

J. de Bel- 
lesrue (11) 

_do_ 

.do- 

Swingle (U) 

_—-do. 

.do. 

.do_ 

.do. 

Plateau (19) 

Plateau (18) 


.do_ 

.do.. 

- do .. 


Cleveland 

(7). 


Axenfeld (i) 
Gruner (10). 


.do. 


Plateau (18). 
-do.. 


Axenfeld (t). 

Plateau (18). 

B i e d e r- 
mann (4). 

Axenfeld (1). 

Sitowski 

CM). 

Sieber and 
Metalni- 
kow (#1). 

.do. 


Date 


1858 

1858 

1876 

1876 

1876 

1925 

1925 

1925 

1925 

1925 

1876 

1874 

1874 

1874 

1874 

1924 


1904 

1900 


1900 

1874 

1874 

1904 

1874 

1910 

1904 

1905 

1904 

1904 

1909 


Results of tests made for the 
following enzymes: 


+ 


o ! 

a i s 

in 

a is 

Lactase 

CJ 

S3 

3 

3 

Q 

Inulase 

© 

1 

e 

53 

Emulsin 

Others 





















i 







I 

1 





j... 

i____ 

i 




+ 

+ 

+ 

+ 

4- 



















i 
















i 














! 
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j 



+ 
































*'""i 

.... 
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b Very little. 
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Table 1.— A summary of investigations on the digestion of carbohydrates by 

insects —Continued 


Name of insect 


Lepidoptera— 

Continued. 

Euproctis 

chrysor- 

rhoea. 

Do. 

Ocneria dis- 
Par. 

B o m b y x 
neustria. 

Do. 

Bombyx 

mon 

Do. 


Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Do.. 


Hypono* 
meuta sp. 

Do_ 

Carpocapsa 
pomonella. 
Vanessa sp... 
Vanessa ur- 
ticae. 

Diptera: 

Calliphora 

vomitoria. 

Do. 


Do.. 

Do.. 

Do.. 

Do- 


(Musca) Sar- 
cophaga 
earnaria. 

Do. 

Musca do- 
mestiea. 

Coleoptera: 

May 1 beetles..] 
T e n e brio 
molitor. 

Do. 


Part investigated 


Extract of whole feeding 
larva. 

Extract of whole pupa.... 
Extract of whole feeding 
larva. 

_do.... 


Extract of whole pupa... 

Analysis of food and ex¬ 
crement. 

Extract of whole feeding 
larva. 

Extract of whole not- 
feeding larva. 

Extract of intestine of 
larva. 

Extract of whole pupa, 10 
days. 

Extract of whole pupa, 14 
days. 

Extract of whole pupa, 18 
days. 

Extract of whole pupa, 21 
days. 

Extract of whole adult. _. 

Extract of whole feeding 
larva. 

Extract of whole pupa... 

Extract of gut of larva.— 


Extract of gut.. 

Extract of whole pupa... 


Extract of whole feeding 
larva. 

Extract of whole not- 
feeding larva. 

Extract of whole pupa. -. 
Extract of whole adult... 
Extract of excrement_ 


Carabus sp_. 
Dytiscus di- 
midiatus. 

, Do. 

Do. 


Extract of whole adult... 
Extract of gut of larva.... 


Extract of gut of adult.... 
Extract of whole adult... 


_do... 

Contents of mid-gut of 
larva. 

Extract of mid-gut of 
larva. 

Extract of whole gut. 

Fluid in crop of adult.... 

Extract of mid-gut.. 

Extract of small intes¬ 
tines. 


Investigator 


Straus 1 23).. 


_do.. 

....do.. 


.do. 


_do. 

Kellner (12). 

Straus (£8).. 

_do. 

Axenfeld (/) 

Straus (22). 

_do. 

.....do_ 

.....do_ 


_do.. 

-do_ 

_do_ 

Axenfeld(f). 

_do_ 

Straus (23).. 


Date 


1909 

1909 

1909 

1909 

1909 

1884 

1909 

1909 

1904 

1909 

1909 

1909 

1909 

1909 

1909 

1909 

1904 

1904 

1909 


.—do.j 1909 

_do_i 1909 


_do_ 

_do_ 

Weinland 

m. 

Weinland 

(26). 

Axenfeld (1). 


_do_ 

Kobert (IS). 


_do.| 

Frenzel(0).„ 

Biedermann 

<S). 

Axenfeld (/). 
Plateau (18) J 

_do. 

.do...... 


1909 

1909 

1906 

1907 
1904 


1904 

1903 


1903 

1882 


1904 

1874 


1874 

1874 


Besults of tests made for the 
following enzymes: 


+ 


{+*|H 


+ 

+ j... 


+ 


+ 


+ 


+ 




+ 


(0 ; 


111 
o | K 
c5 i © 
! O 


+? .... 


* ! 4- 


' - I + 


--! + + 




—! + 
—J + 


—■ (0 


c Both in gut and in body, 

* In the gut; questionably, in the body. 

* Question marks in these columns mean doubtfully positive results. 
t No agar ferment. 

* Little. 

* For glycogen diastase. 

* For starch diastase, 
i Weak. 
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Table 1. — A summary of investigations on the digestion of carbohydrates by 

insects —Continued 


Results of tests made for the 
following enzymes: 


Name of mseet 


Coleoptera—Con.' 
Dytiscus sp.J 
D yt iscus i 
marginalis. \ 
Phymatodes 
variabilis. ! 
Tnbolium 1 
confusum. 1 
Oryetes nasi- 
eornis. j 

Melolontba |. 

vulgaris. i 

Melolontha i 
sp. ! 

Hydrous ear- ; 
aboides. 

Do.' 

Do.. 

Hydrophilus ! 
pieeus. | 

Do_i 

Do__ 

Hydrophilus 
sp. j 

Hymenoptera: I 

* Ants.J 

Apis xnelliflca! 


Part investigated 


Investigator 


Extract of whole gut. 

Fluid m crop of adult.... 

Extract of mid-gut of 
larva. 

Ability to In e. 


Extract of mid-gut of 
adult. 

.do.. 

Extract of intestine.. 

Fluid in oesophagus_ 


Contents of mid-gut.. 

Extract of mid-gut wall.. 
Fluid in oesophagus_ 

Contents of mid-gut. 

Extract of mid-gut wall.. 
Extract of intestine. 


Extract of whole pupa.... 
Extract of head.... 


Do- Extract of thorax. 

Do.. Extract of abdomen.I 

Do. Extract of fore-gut.I 

Do.| Extract of mid-gut and of 

hind-gut. ! 

Do-! Known substance fed; an- J 

! alyzed m mid-gut. 

no.j Known substance fed; an- 

alyzed m fore-gut. I 

go.j Extract of mid-gut. 1 

Do.| Extract of fore-gut.. 

i j 

Do.j Extract of ventrieulus_I, 

Do. Extract of small intestine j] 

Do.j Extract of large intestine J. 

Do- Ability to live__J 


Axenfeld (1). 

| Plateau (IS). j 

| SeilliereO?0)_ 

i 

i Chapman 

I ( 6 ). 

1 Plateau (IS). 

.do_| 

Axenfeld (7) 

Plateau(/S)_ 

.do... 

.do. 

do... 

.do. 

-do.I 

Axenfeld ( t ) 

Kobert (13) .] 
Erlenmeyer 
( S), 

-do. 

-do. 

Axenfeld (1). 
_do. 

Petersen (16) 

_do.| 


Date, 


1874 ' 
1904 i 


1903 
1874 

3874 

1874 

1904 
1904 


1912 | («) 
1912 | - 


-do. 1912 1 -f 

Pavlovsky j 1922 ! — 
and Zarin 1 i 
( 15 ). I I 

-do.. 

-do.. 

-do- 


1904 
1874 | ■ 

I 

1905 !.. 

1924 

1874 

1874 

1804 

1874 

1874 | 

1874 

1874 


I 1922 I -f 
I 1922 i - 
| 1922 - 

Phillips (17 ).! 1924 | — 

I I 


j Weak. 


* Xylanase. 


© 

£ 

05 

1 

Maltose 

Lactase 

Cellulaso 

Inulase 

Raffinase 

Emulsin 

© 

s 

° 

(0 






















w 
























0) 









































- 


























(0 

'4 

(0 

4 

4 

(0 

4 

4- 














i 












i 






i 

- 


















4 

4 ' 

*4* 

- 


- 

.... 

- 

(") 


1 Zymase, 


m Melezitase; trehalase. 


? e P ur P° s ® °/ comparison, the results of the various investi¬ 
gators are brought together and presented in Table 1. This table 

mlfhn^ e +£ ame ° f th /A nsect ’ tb ? part of tbe insect investigated, the 
.°. f the investigator, the year, and a list of all the 

t w ? yd t + ®' dlge j tmg ® nz y mes f onnd. The insects are listed under 
within^^order ° rders ’ but no attem P t 1S made to classify the insects 

Am teif scope ° f mie 1 "»■> ^»« 

1* tab ] e merely indicates in any case that the enzyme was 

Swty n0t ’ ft "“ d ' ‘ ni does n °‘ Wicate iL ; 

2. Negative results mean simply that the investigator tested for 
the enzyme m question and did not find it. It mav be that the enzvme 
was present m quantities too small to be detected by the test used 
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3. In the case of feeding experiments it is assumed that the ability 
to use a substance as food means that the enzyme necessary to digest 
that food is present. 

4. A host of insects whose feeding habits are well known in a general 
way, but whose digestive abilities have not been specifically investi¬ 
gated, are for obvious reasons excluded from the table. 

One may briefly summarize as follows the results of previous 
investigations regarding the ability of insects in general to digest 
carbohydrates: 

1. Amylase is very widely distributed among insects, having been 
demonstrated in nearly every species investigated, but is often 
localized in a particular organ. 

2. In but very few species has the insect been found entirely lack¬ 
ing in any of the common carbohydrate-digesting enzymes, i. e., 
amylase, invertase, and maltase. 

3. No insect investigated has been shown to be able to digest 
cellulose. It is quite probable, however, that many insects not 
investigated can do so. 

4. In the case of most species every enzyme present is of direct* 
use in digesting the food which the insect eats. 

5. With some few species, however, enzymes occur which are 
probably never used, e. g., amylase in ant pupae and trehalase in 
honeybees. 

6. In the case of a few T other species substances are habitually 
eaten for wiiich the insect secretes no digesting enzymes, e. g., wood 
by termites. 

* In regard to honeybees in particular, the review r of the literature 
shows the following facts (see Table 1, Apis melliUca): 

1. All work of this sort has been done on adults; none on the larvae. 

2. All work except Phillips's and part of Petersen's has been done 
by the method of extracts. 

3. All investigators using the method of extracts have found 
amylase somewhere in the animal, yet Phillips found no ability to 
utilize starch as food. 

4. All investigations have revealed invertase somewhere in the 
animal. 

5. In two investigations lactase, inulase, and emulsin were sought, 
either directly or indirectly, but were not found. 

6. From one investigation it appears that cellulase is not present. 

7. From one investigation it appears that bees can readily utilize 
the rare sugars, raelezitose and trehalose. 

The problem now is to ascertain how the larvae of honeybees 
compare with adult honeybees and with other insects in their ability 
to utilize carbohydrates as food. 

MATERIAL AND METHOD 

Two methods of investigation were open in approaching this prob¬ 
lem, the method of making extracts of various organs and testing the 
action of these extracts on various carbohydrates, and the method 
of feeding a group of larvae on a given carbohydrate and ascertaining 
whether or not the larvae receive any nourishment from it, by com¬ 
paring the length of life of this group with that of a similar group fed 
on water only. 

67589—27- i 
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The latter method, the direct method, was chosen for two reasons: 
(1) It exiabled one to test any number of carbohydrates in a direct 
manner, without encountering the technical errors present in many 
of the chemical tests for carbohydrates; in fact, there are as yet no 
specific chemical tests for many carbohydrates; (2) the results dis¬ 
covered by direct feeding would seem to be of more practical value 
than results obtained by the method of extracts, since in the former 
only those enzymes are considered which are of actual use in keeping 
the larva alive. 

In performing an experiment to compare the length of life on a 
given food with the length of life on water alone the procedure was 
as follows: Enough larvae of as uniform size as possible were removed 
from the comb to serve for the whole experiment. As each larva 
was taken from the comb with a transferring needle it was floated out 
on water, where any food clinging to it was washed off. . After a 
sufficient number of larvae had been removed they were divided into 
lots of 10 to 25 each, and each lot was weighed. The weight was 
usually about IS mgm. per larva, although in some experiments 
the average was as low as 11 mgm. and in others as high as 46 mgm. 
According to Nelson and Sturtevant (14), the weight of larvae at 
hatching averages 0.100 mgm.; at 1 day of age, 0.650 mgm.; at 2 
days, 4.745 mgm.; at 3 days, 24.626 mgm.; and at 4 days, 93.990 
mgm.; it follows that larvae weighing 18 mgm. are, on an average, 
nearly 3 days old. 

After weighing, the larvae were transferred to a small watch glass 
containing a solution of the carbohydrate to be tested; the watch 
glass was placed inside a Petri dish containing a little water, to 
serve as a moist chamber; and the whole was put inside an incubator 
at about hive temperature (35° C.). An experiment consisted of a 
number of such lots of similar larvae, fed on various concentrations 
of the food in question, together with one lot supplied with water 
only, as a check. For most of the lots examinations were made at 
intervals of six hours, the dead being removed at this time and the 
food replaced by a fresh supply if it appeared in the least cloudy, 
A larva was considered dead if it no longer responded by muscular 
contraction when touched with the transferring needle. The time 
at which death occurred was assumed to have been midway between 
the time of the examination at which it was found dead and the time 
of the last previous examination. The carbohydrates used were 
dextrose, levulose, galactose, sucrose, maltose, lactose, trehalose, 
melezitose, starch, glycogen, and dextrin, in various concentrations, 
and, finally, a series of honeys. Lots were run in groups of 5 to 10 at 
a time, and a starvation check, in which distilled water alone was 
fed, was run with each group. The expressions “starvation check” 
and “water check” are used interchangeably throughout this paper. 
Often two or three such groups or series were run for a single car¬ 
bohydrate. 

The complete record of a typical lot, as given in Table 2, will make 
clear the procedure in each case. 

Other lots fed at the same time and under similar conditions had, 
as average lengths of life, those fed on 5 per cent sucrose, 11.80 ± 0.62 
hours; 15 per cent sucrose, 17.98 ±1.18 hours; 25 per cent sucrose, 
32.90±2.95 hours; 50 per cent sucrose, 59,66 ±4.23 hours; and 
water, 8.68±0.15jhours. 
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Table 2. —-A complete record of all the observations and computations made for a 
typical lot of honeybee larvae a 

[Lot S3; food, 35 per cent suciose; h weight, 0.0185 gm. each] 


Date, 1924 

Hour 

Number 
of larvae 
alive 

Number of 
laivaedied 
since last 
examina¬ 
tion (=7?) 

Length of 
life (hours) 
(-0 

72 XI 

Aug, 18... 

12 m.. 

20 




Do_ 

6 p. ni-_ 

19 

I 

3 

3 

Do.. 

11* 30 p. m_ 

19 




Aug. 19..._..... 

6 a. m.. 

19 





12 m. 

18 

1 

21 

21 

Do... 

6 p. m_ 

IS 




Do.. 

11.30 p. m___ 

18 




Aug. 20..... 

6 a m_ 

18 



!. 

Do_ ___ _ 

12 m. 

15 

3 

45 

135 

Do.. 

6 p. m_ 

11 

4 

51 

1 204 

Do. 

11.30 p. m_ 

6 

5 

57 

285 

Aug. 21___ 

6 a. m_ 

4 

2 

63 

126 

Do__ 

i 12 m_ 

2 

2 

69 

138 

Do. 

6 p. m _ 

2 




Do. 

12 p. m_ 

1 

1 

81 

81 

Aug. 22_____ 

6 a. m.. 

0 

1 

87 

87 

Total.... 



20 


1,080 





i 



° All other lots in these experiments were treated m a similar way. 

b Thirty-five per cent sucrose means 35 gm. of pure sucrose crystals in 100 c. c. of solution. All solutions 
mentioned were made in the same way. 

Mean length of life, 54 hours. 

Probable error of the mean (Peters’ formula), 2.39 hours. 

It was possible in this way to get a comparison of the effect of 
any concentration of any carbohydrate desired on the length of life 
of the larvae. 



Fig. 1 .—Percentages of survivors of lots of honeybee larvae, at intervals after the commencement of 
feeding, fed on solutions of dextrose in certain concentrations with water, and of one lot supplied 
with water only 


The data obtained in these feeding experiments are presented in 
Tables 3 to 22 and Figures 1 to 11. The experimental results are 













































436 


Journal oj Agricultural Research 


Vol. 35, No. 5 


given under the headings monosaccharides, disaccharides, trisac¬ 
charides, polysaccharides, and honeys. Following these a section 





Fig. 2.—Percentages of survivors of lots of honeybee larvae, at intervals after the commencement 
of feeding, fed on solutions of levulose in certain concentrations with water, and of one lot 
supplied with water only 


is devoted to a review and a comparison of those lots, showing 
optimum length of life for each carbohydrate used. 

l ^ j ^ I EXPERIMENTAL RESULTS 

| \ Of the monosaccharides, the simplest 

\\ v,V*\ of the sugars, only the three common 

^ _representatives were tested—dextrose, 

| , 'jTl levulose, and galactose. All lots fed on 

_dextrose or levulose outlived the larvae 

v \W fed on water, lot 75, in 30 per cent dex- 

^-V-^ 5 —- 1 - trose, living about four times as long, 

I V %. l \| and lot 79, in 45 per cent levulose, about 

Tk^vCII -- four and a half times as long, as the lot 

I JM j&Jl ■ fe d on water (Tables 3, 4, and 5, and 

a Y& \» figs. 1 and 2). Most of the lots fed on 

jp _ V* \_galactose likewise outlived the water 

& check, lot 98, on 50 per cent galactose, 

-A--\_ living nearly twice as long as lot 99 on 

\ y.\ water. (Tables 6 and 7 and fig. 3). 

— s —— if —It seems evident, then, that the 

larvae can get nourishment from these 
fig. a—Percentages of survivors ofiots of simple sugars. The next question is, can 
SSnUSSS the larvae digest other, more complex 

carbohydrates, changing them to these 
with water only simple forms? If they sustain them- 

... . selves on these other carbohydrates it 

will be considered evidence that they do digest them; if they die in 
as short a time as they die when starved, it will appear that they do 
not digest these carbohydrates. 


« wsste&f&vr a* 
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Table 3. —Observations to ascertain the relative duration of life of representative lots 
of honeybee larvae fed on dextrose in specified concentrations with water , and a lot 
supplied with water only , as a check a 


j Lot 73 

i 

! i 1 

(water) j Lot 74 (15 per cent) i Lot 75 (30 per cent) 1 

! i 

Lot 76 (45 per cent) , 

! 

; Time | 

1 i 

Thing i Tlme 

- ! 

1 : : 

Sur- | Sur- 

viv.ng | e ; viving f 

i i 

Tini „ 1 Sur- 1 
lime j ylvms , 

Hours 

18.5 

42.5 

Per eent '• Hours 

4 ! 19 5 

0 j 43 5 

1 ! ! 

Per cent i Hours Per cent i 
40 19.5 88 

0 ! 44.5 ! 40 1 

1.1 67.5 ! 4 

Hours i Ptr cent 

19 5 | 76 

44 0 ! 32 

67.0 ! 8 1 


.i. 

|.I 93.0 0 

92.5 1 0 1 


.i.. 

| -1 j 



« Bata presented graphically in fig. 1. 


Table 4. —Observations to ascertain the relative duration of life of representative lots 
of ho?ieybee larvae fed on levulose in specified concentrations with water , and a lot 
supplied with water only , as a check a 


1 Lot 73 (water) 

i 

Lot 77 (15 per cent) 

Lot 78 (30 per cent) 

Lot 79 (45 per eent) 

Time 

Sur¬ 

viving 

Time 

Sur¬ 

viving 

Time ! 8ur ' 
rime viving 

1 

Time 

Sur¬ 

viving 

Hours 

18.5 

42.5 

Per cent 

4 

0 

Hours 

20 0 

44 5 

67 0 j 

Per cent 
84 

8 

0 

Hours | Per cent \ 

20.0 i 88 ! 

44.5 j 48 j 

67.5 1 12 

92.5 0 

Hours 
20.0 
41.0 
! 67.0 

l 92.0 

Per cent 
76 

56 

1 32 

i 0 





l 



a Data presented graphically in fig. 2. 


Table 5. —Average length of life for lots of larvae fed respectively on solutions of 
dextrose and of levulose and on water 


Lot No. 

Food 

Number 
of larvae 

Weight 
i of each 

1 

1 

1 Length of 
life 

73 

Water.*—...' 

25 

1 Mgm. 

19 

Hours 

, 10.10*0. 55 

74 

15 per cent destrose. 

25 

18 

18,27*1. 43’ 

75 ( 

30 per cent dextrose. 

25 

16 

39.90*2. 32 

76 

45 per cent dextrose -. .. 

25 

18 1 

36,01 ±2. 73 

77 

15 per cent levulose. 

25 

! 19 

30.57*1. 58 

78 

30 per eent levulose. 

25 

18 

39.06*2.12 

79 

45 per cent levulose... 

25 

1 19 

1 

47. 56*3. 64 


Table 6. —Observations to ascertain the relative duration of life of representative 
lots of honeybee larvae fed on galactose in specified concentrations with water , and 
a lot supplied with water only f as a check Q 


Lot 97 (35 per cent) 

Lot 98 (50 per cent) j Lot 99 (water) 

1 

Time 'Surviving 

Time 

Surviving; Time 

Surviving 

Hours | Per cent 
3.0 ! 100 

9.0 55 

15.0 : 35 

21.5 ! 20 

27.0 , 15 

32.5 1 0 

Hours 

3.0 

9.0 

15.0 

21.5 
27.0 

32.5 

Percent | Hours 

100 ! 3.0 

85 i 9.0 

60 15.0 

! 15 1 . 

0 1. : 

i i 

Per cent 
100 

40 

0 


* Data presented graphically in fig. 3. 
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DISACCHARIDES 

The disaccharides 
commonly used as food 
by animals are sucrose, 
maltose, and lactose. 
Honeybee larvae were 
fed on all of these, and 
also on trehalose, to 
which particular inter¬ 
est is attached in con¬ 
nection with the honey¬ 
bee. This rare sugar 
occurs, so far as known, 
only in a few fungi. 
The interest here lies in 
the fact that Phillips 
found adult honeybees 
to be able readily to 
utilize this sugar as 
food, in spite of the fact 
that it probably never 
occurs in their normal 
diet. 

In the experiments 
here described the lar¬ 
vae lived longer on all 
concentrations of suc¬ 
rose than on water, the 
concentration of 75 per 
cent being the most fa¬ 
vorable; the ratio of the 
length of life of lot 125 
(75 per cent sucrose) to 
lot 129 (water) is about 
15 to 1, that of lot 84 
(50 per cent sucrose) to 
lot 93 (water) 7 to 1, and 
that of lot 36 (35 per 
cent sucrose) to lot 37 
(water) to 1. (Ta¬ 
bles 8 and 9 and fig. 4.) 

On maltose the larvae 
likewise outlived de¬ 
cidedly the larvae that 
were starved; e. g., lot 
41, on 35 per cent mal¬ 
tose, lived more than 
five times as long as lot 
43, on water, and lot 88, 
on 35 per cent maltose, 
lived more than three 
times as long as its water 
check, lot 93. (Tables 
10 and 11 and fig. 5.) 
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Table 7. —Average length of life for lots of larvae fed respectively on various con¬ 
centrations of galactose and on water 


Lot No. 


Food 



j Number j Weight 

1 of larvae ' of each 

! i 

Length 
of life 

94 

05 

96 

97 

98 

99 

5 per cent galactose. 

15 per cent galactose. 

25 per cent galactose_ 

35 per cent galactose_ 

56 per cent galactose. 

Water.... 




, Mgm. 

20 | 19 

_ ! 20 i 18 

_ ! 20 ! 19 ! 

_J 20 : 20 

.. | 20 j 17 

.. ! 20 17 

Honrs 

6.8±0.19 
8 . 80 
11. 38± .35 
13. 51 ±1. 26 
16. 02± . 91 
8. 40± . 44 



Table 8 . —Observations to ascertain the relative duration of life of representative 
lots of honeybee larvae fed on sucrose in specified concentrations with water , and 
lots supplied with water only , as checks a 


Lot 35 
(25 per cent) 

Lot 36 
(35 per cent) 

Lot 37 * 
(water) 

- 

Lot 83 
(35 per cent) 

Lot 93 • 
(water) 

Time 

Surviv¬ 

ing 

Time 

Surviv¬ 

ing 

Time 

Surviv¬ 

ing 

Time 

Surviv¬ 

ing 

Time 

Surviv¬ 

ing 

Hours 

5.5 

23.0 

29,5 

47.0 

53 5 

70 5 
77.0 

94 5 

102.0 

118.5 

129.5 

Her cent 
100 

90 

90 

60 

00 

60 

50 

40 

30 

10 

0 

Hours 
5.5 
22.5 
29.0 

48 5 

53 5 
70.0 
77.0 
94.0 
101.5 
118.0 
129.0 
160.0 
190.0 

Per cent 
100 

90 

90 

80 

70 

70 

70 

40 

40 

40 

30 

10 

0 

Hours 

5.5 

22.5 
29.0 

48.5 

Per cent 
100 

30 

30 

0 

.. 

Hours 

6.0 

11.5 
18.0 

24 0 
30.0 

35.5 
42.0 
48.0 
54.0 

Per cent 
95 

95 

95 

90 

90 

90 

90 

! 75 \ 
55 

Hours 
3.5 
10.0 
16.0 

Per cent 
95 

35 

0 








. 




:::::::::: 









59.5 i 30 

60 0 , 20 

72.0 j 10 

78.0 [ 10 

84.0 ; 5 

90 0 i 0 

j 








!. 























1 







f 


a Data presented graphically in fig. 4. 
b Check on lots 35 and 36. 

* Check on lot 83. 
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Table 9. —Average length of life for lots of larvae fed respectively on solutions of 

sucrose and on water 


' Food 

i 

Number 
of larvae 

Weight 
of each 

Length of life 

15 per rent sucrose.... 

10 

Mgm. 

42 

Hours j 
45.20± 3. 45 


10 

44 

73.12± 8,15 

35 per rent sucrose_.__ 

10 

41 

95.50=1=11.30 

Water (check on lots 34, 35, 36)___ 

10 

45 

21.27± 2.48 

5 per cent sucrose _...._.___ 

20 

16 

11.80=fc .02 

15 per cent sucrose_____ 

20 

17 

17.98± 1.18 

25 per cent sucrose___ 

20 

18 

32. 9Q=fc 2. 95 

35 per cent sucrose__-. 

20 

18 

54.00± 2.82 

50 per rent sucrose__ 

20 

19 

59. GGdb 4.23 

Water (check on lots SO, 81, 82, 83, 84). 

20 

18 

8,68=b .15 

| 75 per cent sucrose__ 

20 

17 

68.85=1= 7.11 

j 100 per cent sucrose___„_ 

20 

14 

52.28=fc 3.47 

1 Water (check on lots 125, 122)...__ 

20 

17 

4.61db .23 



Table 10. —Observations to ascertain the relative duration of life of representative 
lots of honeybee larvae fed on maltose in specified concentrations with water , and a 
lot supplied with water only, as a check a 


Lot 41 (35 per cent 
maltose) 

Lot 42 (50 per cent 
maltose) 

Lot 43 (water) 

Time 

Surviving 

Time 

Surviving 

Time 

Surviving 

Hours 

24.0 

48.5 

72.0 

101.0 

139.5 

Per cent 
87 

80 

27 

13 

0 

Hours 

24 0 
48.5 
72.0 
101.0 

Per cent 
87 

67 

13 

0 

Hours 

24 

Per cent 

0 







i 




« Data presented graphically in fig. 5. 


Table 11. —Average length of life for lots of larvae fed respectively on solutions of 

maltose and on water 


Lot No. 

Food 

Number 
of larvae 

Weight 
of each 

Length of 
life 

38 

5 per cent maltose.. 

15 

Mgm. 

18 

Hours j 
15.86=1=1. 16 
60.70=b5.13 

39 

15*per cent maltose..... 

15 

24 

40 

25 per cent maltose—..*... 

15 

19 

46.95d=2.63 
63.71±4.78 
52.51d=3.92 
(12 (between 
1 0 and 24) 

41 

35 per cent maltose. 

15 

15 

15 

22 

42 

50 per cent maltose___ _ __ _ 

21 

43 

Water (check on lots 38, 39,40, 41, 42). 

23 

85 

5 per cent maltose__ 

20 

19 

U.20=fc .46 
18.40=tl. 31 
23.00=fcl. 47 

86 

15 per cent maltose.. .... 

20 

18 

87 

25 per cent maltose... 

18 

19 

88 

35 per cent maltose... 

18 

17 

28.06db2.90 
13.87=tl. 24 
8.68d= . 15 

89 

50 per cent maltose. 

20 

14 

«j 

Water (check on lots 85, 86, 87, 88, 89). 

20 

18 


The lots fed on lactose were run in two series. In the first series 
the greatest age was reached by lot 51 (Tables 12 and 13), but since 
the first examination was not made until 20 hours after the beginning 
of the experiment, and all the larvae in water were dead, as shown in 
Figure 6, A, it was impossible to give the length of life of the water 
check of the first series, lot 52, except as between 0 and 20 hours. 
For this reason another series of lots was run with examinations at 
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6-hour intervals. (Fig. 6, B.) In this series all lots showed a longer 
life on lactose than on water, lot 92, on a saturated solution of lactose, 


A B 



Fig. 6—Percentages of survivors of lots of honeybee larvae, at intervals after the commencement] 
of feeding, fed on solutions of lactose in certain concentrations with water, and of lots supplied 
with water only, as checks. A, two lots, fed on saturated solutions of laetose, and one, sup¬ 
plied with water only; all the larvae of this lot were found to have died in the first interval! 
of 20 hours. B, two lots, fed on lactose in different concentrations, and one, supplied with! 
water only I 

living 13.18 ±0.66 hours, as compared with 8.68 ±0.15 hours for the 
water check, lot 93, a ratio of about 1 3^ to 1. This seems to indicate 
that the larvae are able to digest lactose. 

Table 12 .-—Observations to ascertain the relative duration of life of representative 
lots of honeybee larvae fed on lactose in specified concentrations with watery and 
lots supplied with water only , as checks a 


Lot 50 (saturated 
solution) 

Lot 51 (satu¬ 
rated solution) 

Lot 52 6 
(water) 

Lot 91 
(10 per cent) 

Lot 92 
(17 per cent) 

Lot 93 « 
(water) 

Time 

Surviv¬ 

ing 

Time 

Surviv¬ 

ing 

Time 

Surviv¬ 

ing 

Time 

Surviv¬ 

ing 

Time 

Surviv¬ 

ing 

Time 

Surviv¬ 

ing 

Hours 

20.5 

44.5 
51.0 

Per cent 
10 

30 

0 

Hours 

21.0 

44.0 

51.0 

Per cent 
30 

10 

0 

Hours 

20.5 

Per cent 
0 

Hours 

4.0 

10.5 

10.5 

22.0 

Per cent 
100 

60 

10 

0 

Hours 

3.5 

10.0 

16.0 

21.5 

27.5 

Per cent 
100 
SO 

20 

I 5 

! 0 

Hours 

3.5 

10.0 

16.0 

Per cent 
95 

35 

0 









r r 

1 

i 






a Data presented graphically in fig. 6. 

Check on lots 50 and 51. 

« Check on lots 91 and 92. 
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Table 13 .—Average length of life for lots of larvae fed respectively on solutions of 

lactose and on water 


Lot No. 

Food 

Number 
of larvae 

Weight 
of each 

Length of life 

48 

5 per cent lactose. 

10 

Mgm. 

37 

Hours 

/10 (between 
\ 0 and 20). 

49 1 

Saturated solution lactose... 

10 

38 

12.97=1=1,12 

50 

51 

52 

_do_-.... 

10 

20 

13.95=1=1.87 

_do_ . ... 

10 

22 

18.60±3.19 

Water (check on lots 48, 49, 50, 51)_____ J 

9 

20 

/10 (between 
f 0 and 20). 

90 

5 per cent lactose.. 

20 

15 

11.62=1= .64 

91 

10 per cent lactose... 

20 

16 

11.57=1= .59 

92 

17 per cent lactose... 

20 

15 

13.18=1= .66 

93 

Water (check on lots 90, 91, 92)..... 

20 

18 

8.68=1- . 15 


The larvae fed on trehalose lived longer on all concentrations 
tested than they did on water. A comparison of the lengths of life 
of lot 112 and lot 121 (Tables 14 and 15 and fig. 7) gives a ratio of 
approximately 3 to 1. It appears, then, that the larvae, like the 



Pig. 7.—Percentages of survivors of lots of honeybee larvae, at intervals after the commencement 
of feeding, fed on solutions of trehalose in certain concentrations with water, and of one lot sup¬ 
plied with water only 

adults, can digest this rare sugar with, considerable readiness, although 
it has probably never been a constituent of their diet. 

It was found, then, that bee larvae can digest all the disaccharides 
tested, and that in ability to sustain life these appear to rank in the 
order sucrose, maltose, trehalose, and lactose. 
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Table 14. —Observations to ascertain the relative duration of life of representative 
lots of honeybee larvae fed on trehalose in specified concentrations with water , a?id 
one lot supplied with water only, as a check a 


i 

I Lot 110 

i (16 per cent) 

Lot 111 
(35 per cent) 

i ! 

i 

Lot 112 
(50 per cent) 

Lot 121 
(water) 

! Time ! 

; i 

Sur¬ 

viving 

i 

! Time 

Sur¬ 

viving 

! Time 

Sur¬ 

viving 

Time 

Sur¬ 

viving 

1 Hours 

1 7.0 

13.5 
! 19.5 

! 25.5 

31.0 

1 37.0 

1_ 

Per cent 
190 

95 

60 

45 

10 

0 

Hours 

7.0 

13.5 

19.5 

25.5 
31.0 
37.0 

43.5 

49.5 

Per cent 
100 

95 

80 

50 

35 

20 

10 

0 

Hours 

7.0 

13.5 

19.5 

25.5 
31.0 
37.0 

43.5 

49.5 

55.5 
67.0 

73.5 

Per cent 
90 

85 

75 

50 

45 

35 

30 

25 

15 

5 

0 

Hours 

4.5 

10.5 
17.0 

Per cent 
100 

43 

0 



























I ! 

t 




L „ 


“ Data presented graphically in fig. 7. 


Table 15. —Average length of life for lots of larvae fed respectively on solutions of 

trehalose and on water 


Lot No. 


110 : 16 per cent trehalose. 

111 ! 35 per cent trehalose. 

112 ; 50 per cent trehalose. 

121 I Water.. 

! 


< Number 
of larvae 

Weight 
of each 

Length of 
life 

20 

Mgm. 

13 

Hours 

22.95±1.01 

> 20 

13 

27.75±1.50 

20 

15 

31.17±2.89 

■ ! 23 

i 

13 

10.21± .43 


TRISACCHARIDES 

The only trisaccharide used in these experiments was melezitose, a 
sugar occurring in the sap of certain plants and in honeydew. The 
data indicate clearly that honeybee larvae are able to use melezitose 
as food, the length of life for lot 104, on 50 per cent melezitose, being 
about four and one-third times that of lot 109, on water. (Tables 16 
and 17 and fig. 8.) 

Table 16. —Observations to ascertain the relative duration of life of representative 
lots of honeybee larvae fed on melezitose in specified concentrations with water , 
and one lot supplied with water only , as a check a 


Lot 102 : 

(25 per cent) | 

Lot 103 
(35 per cent) 

Lot 104 
(50 per cent) 

Lot 109 i 

(water) j 

Time 

Sur¬ 

viving 

Time 

i 

Sur¬ 

viving 

Time 

| 

Sur- 
! living 

i 

1 

Time 

Sur¬ 
viving j 

Hours 

6,0 

12.5 

18.5 

24.5 

30.5 

36.5 

42.5 i 

48.5 : 

Per cent 
95 

90 

60 

45 

20 

10 

10 

0 

Hours 

6 0 

12.5 

18.5 

24 5 

30.5 

36.5 

42.5 

48 5 

62.5 

Per cent 
100 

95 

60 

50 

35 

35 

20 

1 15 

0 

Hours \ 
6.0 

12 5 

I 18.5 
i 24,5 
; 30 5 

i 36.5 
i 42.5 
! 48 5 

| 62,5 

67.5 
! 77.5 

i 

Per cent 
100 

90 , 

70 1 

65 i 
55 

45 i 
35 

30 

20 

20 

0 

Hours 
6.0 ! 
12.0 

Per cent 
94 

0 



I 





. 





) 


° Data presented graphically in fig. S. 





































Pig. 9.—Percentages of survivors of lots of honeybee larvae, at intervals after the co mm encement 
of feeding, fed on combinations of starch and water, ana others supplied with water only as 
checks. A, lot fed on starch paste, and lot supplied with water; B, three lots, fed respectively 
on raw potato starch, starch paste, and soluble starch, and one lot supplied with water only; 
C, one lot fed on starch paste, and one supplied with water only 
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Table 17 .—Average length of life for lots of larvae fed respectively on solutions of 

melezitose and on water 


Lot No. 


100 

5 per cent melezitose. _. 

101 

15 per cent melezitose.. 

102 

25 per cent melezitose.. 

103 

35 per cent melezitose.. 

104 

50 per cent melezitose.. 

109 

Water. 


Food 


ber 

vae 

Weight 
of each j 

Length of 
life 

20 

i 

Mgm. i 
1 11 ! 

Hours 

9.25=1=0.28 

20 

11 j 

16.30dbl. 05 

20 

ii ! 

23.26=1=2.56 

20 

li ! 

, 28.58=fc2. 24 

20 

ii 

| 37.47=1=3.31 

16 ! 

u 

j 8.62=1= .24 


POLYSACCHARIDES 

The polysaccharides used in these experiments were dextrin, 
glycogen, and starch. The data obtained for these three carbo¬ 
hydrates show that 
of the five lots fed 
on starch only one 
(lot 115) lived longer 
than the correspond¬ 
ing water check, and 
even that one less 



IKS 

■ 


m 





B 

B 

■ 


■ 

■ 

■ 

B 

fl 

B 

fl 

B 




■1 

■ 

B 

■ 

B 

fl 

U 







B 

ta 









m 

is 



$ 







00 

1 

-a? 

/0 

0 


3 




B 

B 

B 




mm 

B 

* 

t 

\ 

« 


B 

B 




■ 

m 

■ 



k 

\_ 

□ 

B 

B 

B 




■a 

B 

B 

K 

B 

B 





u 

m 

B 

■ 

B 

fl 

1 

S 

B 

■ 


longer. (Tables 18 | 
and 20 and figs. 9 
and 10.) There was 
no significant differ¬ 
ence between the 
length of life of the 
lot fed on glycogen 
(lot 114) and its 
water check, lot 121. 

(Tables 18 and 20 
and fig. 10.) The 
lot fed on dextrin 
(113), however, lived 
nearly three times as 
long as the corre¬ 
sponding lot (121) fed on water alone. (Tables 19 and 20 and 
fig. 10.) 

Table 18 .—Observations to ascertain the relative duration of life of representative 
lots of honeybee larvae fed on combinations of starch and water , and lots supplied 
with water only , as checks a 


Fig. 10.—Percentages of survivors of three lots of honeybee larvae, 
at intervals after the commencement of feeding; one supplied with 
water only, as a check, and the others fed on solutions of dextrin 
and glycogen, respectively 


Lot 56 

(starch paste) 

Lot 57 b 
(water) 

Lot 62 
(raw starch) 

Lot 63 
(starch 
paste) 

Lot 64 
(soluble 
starch) 

Lot 65 « 
(water) 

Lot 115 
(starch 
paste) 

Lot 121 ** 
(water) 


Sur- 


Sur- 


Sur- 


Sur- 


Sur- 


Sur- 


Sur- 


Sur- 

Time 

viv- 

Time 

viv- 

Time 

viv- 

Time 

viv- 

Time 

viv- 

Time 

viv- 

Time 

viv- 

Time 

viv- 


mg 


ing 


ing 

. 


ing 


ing 

. 


ing 


ing 


mg 

Hts. 

P.cf. 

Hts . 

P.ct. 

Hts. 

P.ct. 

Hts. 

P.ct, 

Hts. 

P.ct. 

Hts. 

P.ct 

Hrs. 

P.ct 

Hrs. 

P.ct 

17 

0 

16.5 

29 

18,0 

10 

18.0 

40 

18.0 

30 

18.0 

40 

5.5 

100 

4.5 

100 



22.0 

0 

24. 5 

10 

24.5 

10 

24.5 

10 

24.5 

25 

12.0 

55 

10.5 

43 

i . i 

: 


41.5 

0 

i 41.5 

! 

0 

41.5 

i 0 

I 

41.5 

0 

18.0 

0 

17.0 | 

1 

0 


a Data presented graphically in fig. 9. 
6 Check on lot 56. 


* Cheek on lots 62, 63, and 64. 
4 Check on lot 115. 
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The results indicate that the larvae are able to utilize dextrin, 
but neither glycogen nor starch. 

It should be added here that an examination of larvae which had 
been floating on a starch mixture for a few hours showed countless 
grains of starch in the intestine, and therefore the failure to gain 
nourishment from starch was not due to a failure to take the starch 
into the alimentary tract. 

Table 19. —Observations to ascertain the relative duration of life of three lots of 
honeybee larvae, one supplied with water only, as a check, and the others fed on 
solutions of dextrin and glycogen, respectively a 


Lot 113 (30 per cent 
dextrin) 

Lot 114 (50 per cent 
glycogen) 

Lot 121 (water) 

Time 

Surviv¬ 

ing 

Time 

Surviv¬ 

ing 

Time 

Surviv¬ 

ing 

Honrs 

6.0 

12.5 

18.5 

24.5 

Per cent 
100 

100 

95 

80 

Hours 

6.0 

12.5 

18.5 

Per cent 
95 

30 

0 

Hours 

4.5 

10.5 

17.0 

Per cent 
100 

43 

0 

30.0 

25 




36.0 

15 




42.5 

10 





48.5 

5 





54.5 

B 





66.5 

0 

1. 




1. 





* Data presented graphically m fig. 10 


Table 20. —Average length of life for lots of larvae fed respectively on starch, dextrin, 

glycogen, and water 


i 

Lot No.i 

1 

Food 

Number 
of larvae 

' 

Weight 
of each 

Length of life 

i 

56 i 

1 

Starch paste.... 1 

10 

Mgtii. 

23 ' 

Hours 

f8.5 (between 
\ 0 and 17) 

57 ' 

Water (check on lot 56) .... 

7 

23 

11 39±1.A4 

62 | 

Raw starch..... 

20 

43 1 

11.40± . 85 

63 | 

Starch paste.. 

20 

42 

15.07 ±1.41 

64 ! 

Soluble starch. 

20 

46 

13. 85±1.32 

65 j 

Water (check on lots 62, 63, 64)... 

20 

42 

16.83±1.91 

115 

Starch paste... 

20 

15 

32.18± .46 

114 

50 per cent glycogen. 

20 

12 

10.81sfc . 50 

113 

30 per cent dextrin. 

20 

15 

29.55±1.24 

121 

Water (check on lots 115,114,113)... 

23 

33 

10. 21d= .43 


HONEYS 

A study of tlie ability of honeybee larvae to utilize carbohydrates 
as food would, of course, be incomplete without an investigation of 
their relative ability to use honey, which is the main carbohydrate 
constituent of their normal diet. Bees gather nectar from many 
sources, and from the different nectars make honeys varying consid¬ 
erably in physical and chemical characteristics. Since, as is well 
known among beekeepers, these differ in value as food for adult bees, 
it is probable that they also differ in value as food for the brood. 

In order to investigate this question, several lots of larvae were fed 
on honeys differing as widely as possible in source, color, odor, taste, 
dextrin content, dextrose-levulose ratio, tannin content, sucrose con- 
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tent, and the like. These honeys were from sage, white clover, 
alfalfa, tulip tree, aster, goldenrod, buckwheat, wild buckwheat, 
mountain laurel, locust, and basswood clover, the latter consisting 
of three parts of basswood to one of clover. At the same time, for 
check and comparison, lots were also fed on distilled water and on 75 
per cent cane sugar. 

The average length of life of the lots fed on the various honeys 
ranges from 59.82 ±3.89 hours on basswood clover to 12.39 ±0.84 
hours on locust. (Table 22.) All the honeys tested may be arranged 
in the following order from greatest to least length of life: Basswood 
clover, white clover, tulip tree, alfalfa, buckwheat, mountain laurel 
(poisonous to humans), sage, v T ild buckwheat, aster, goldenrod, and 
locust. The average for the 11 honeys tried is 38.93 hours (probable 
error disregarded), w T hich is essentially the same as for lot 138, fed 
on 75 per cent cane sugar, and is approximately three and one-half 
times as long as for lot 139, fed on water alone. (Tables 21 and 22 
and fig. 11.) 

Table 21. —Observations to ascertain the relative duration of life of representative 
lots of honeybee larvae; one fed on 75 per cent solution of cane sugar , one on locust 
honey, one on a mixture of 75 per cent of basswood honey and 25 per cent of clover 
honey, and one supplied with water only as a check a 


Lot 140 (75 per cent ! 
basswood honey, 
25 per cent clover 
honey) 

Lot 142 (locust 
honey) 

Lot 13S (75 per cent 
cane sugar) 

Lot 139 (water) 

Time 

Surviv¬ 

ing 

Time 

j Surviv¬ 
ing 

Time 

Surviv¬ 

ing 

Time 

Surviv¬ 

ing 

Hours 

Per cent 

Hours 

Per cent 

Hours 

Per cent 

Hours 

Per cent 

5.0 

100 

4.5 

! 92 

5.0 

96 

5.0 

100 

16.5 

96 

16.0 

: M 

16.5 

72 

16.5 

0 

23.0 

96 

22 5 

1 12 

23.0 

72 



28 5 

96 

2S.0 

! s 

28.5 

68 



33.5 

84 

33.0 

4 

33.5 

68 



41.0 

68 

40 5 

0 

41.0 

44 



47 0 

64 



47.0 

32 



53 0 

48 



53.0 * 

28 



65.0 

44 


i _ 

i 65 0 

20 



71.0 

32 


i.. 

1 71.0 1 

16 



77.0 

28 ! 


i 

l 77.0 

8 



89 0 

20 


, 

! 89.0 

4 



95.0 

12 1 



I 95.0 

4 



101.0 

8 I 



1 101.0 

4 

!. 


113.0 

0 1 


i 

1 113.0 
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a Data presented graphically m fig. 11. 


These data show no correlation between length of life of the 
larvae and any known physical or chemical characteristics of the 
honey. For example, the length of life on the light honeys, white 
clover, alfalfa, sage, locust, and basswood clover, averaged 41 + 
hours, which is not significantly different from the average of 39 + 
hours on the darker honeys, tulip tree, buckwheat, wild buckwheat, 
and aster; the tulip-tree honey, with high dextrin content, 5 sustained 
life as long as sage, clover, or alfalfa, with low dextrin content; 
tulip tree and buckwheat, strong in flavor and odor and giving 
strong tannin reactions, had about the same effect as the milder 


* For chemical analysis of honeys, see Browne (5), 
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sago and basswood clover, having very little tannin; sago, with a 
high dextrose-levulose ratio, was practically equal in life-sustaining 
value to alfalfa, with low dextrose-levulose ratio. 

Table 22. —Average length of life for lots of larvae fed respectively on various honeys, 

cane sugar } and water 


Lot No. 

Food 

Number 
of larvae 

Length of 
life 

130 

Sage honey_-__-__ 

25 

Hours 

39.44±3.09 

131 

White clover honey___ 

25 

51.23 ±3.69 

132 

Alfalfa honey_I__...... 

25 

45.39±4.13 

133 

Tulip-tree honey....... 

25 

50.16=b3.25 

134 

Aster honey_J___ 

25 

24.79d=2.09 

135 

Goldenrod honey....-.. 

25 

18.72stl. 69 

136 

Buckwheat honey_ _ _-_ 

25 

44.57±2.40 

137 

Wild buckwheat honey.......- 

25 

38.45±2.64 

140 

Basswood honey, 75 per cent; clover honey, 25 per cent___. 

25 ! 

59.82±3.89 

141 

Mountain laurel honey (poison)_____ 

25 

43.30=bl. 74 

142 

Locust honey______! 

25 

12.39=!= .84 

Average of ail honeys..... 

38.93 

138 

75 per cent cane sugar - ___ „ ______ 

25 

40.86=1=3.53 

139 

Water... 

25 

10.70 



* The larvae were not weighed, but all lots are comparable as to size and age. 


It is a fact, however, that not all honeys were of equal value in 
sustaining life. This fact may have been due to an unknown char¬ 
acteristic of the honeys, to an uncontrolled factor in the experiment, 
or to a difference in the larvae themselves. 
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Fig. 11—Percentages of survivors of lots of honeybee larvae, at intervals after the commence¬ 
ment of feeding; one fed on a 75 per cent solution of cane sugar, one on locust honey, ono on a 
mixture of 75 per cent of basswood honey and 25 per cent of clover honey, and one supplied 
with water only. 


REVIEW AND COMPARISON 

In the preceding pages have been presented in detail the results 
obtained in experiments on honeybee larvae fed on solutions of the 
monosaccharides, dextrose, levulose, and galactose; of the disac¬ 
charides. sucrose, maltose, lactose, and trehalose; of the trisac¬ 
charide, melezitose; and of the polysaccharides, dextrin, starch, and 
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glycogen; and on various honeys. A comparison of the life-sustain¬ 
ing value of these various carbohydrates can now readily be made 
by first computing a ratio for each carbohydrate and then comparing 
the ratios. The ratio in each case is found by dividing the length 
of life of the optimum lot in each series by the length of life of its 
particular water check. In case more than one series of lots were 
run for a single carbohydrate, an average is taken of the ratios of 
all the series for that carbohydrate. (Table 23.) A ratio of one, or 
less than one, means, of course, that the length of life on that carbo¬ 
hydrate was equal to or less than the length of life on ivater, and 
indicates no food value at all. 


Table 23. —Comparison oj various carbohydrates as w their value in sustaining the 
life of honeybee larvae. All carbohydrates tried appear to have food value except 
starch and glycogen {probable error disregarded) 


Name 

Carbohydrate 

(=C) 

! 

Starvation check 
(water) (=S) 

Ratio 

(C/S) 

Average 

ratio 

(C/S) 

Lot 

No 

J | 

j Length \ 
, of life 

1 

Lot No. ' 

I 

i 

Length 
of life 

Sucrose... 

36 

! 95 50 

37 

21.27 

4,5 


Do........ 

84 


93 1 

8.68 

6.9 


Do___ 

125 

68.85 

129 - 

4 61 

it. 9 


Do___ 

138 

, 40 86 

139 1 

10.70 

3.8 

7 h 

Levulose.__ ___ 

79 

I 47 56 

73 

10 10 

4 7 

4 7 

■Maltose_ _ _ 

41 

63 71 

43 i 

12.00 I 

5.3 


Do_____ 

88 

i 28 06 

93 1 

8 . 68 1 

3.2 

4.3 

Melezitose_-__ 

104 

! 37.47 

109 | 

8.62 

4.3 

4.3 

Dextrose... 

75 

■ 39.90 

73 

10 10 

4.0 

4 0 

Honeys.... 

t a ) 

i 38.93 

139 

10.70 

3.6 

3.6 

Trehalose_____ 

112 

31.17 1 

121 ! 

10.21 

3.1 ! 

3.1 

Dextrin... 

113 

29. 55 ; 

121 ‘ 

10.21 

2.9 

2.9 

Galactose..... 

98 

* 16.02 

99 : 

8.40 

1.9 

t L9 

Lactose____ 

51 

S 18.60 

52 ; 

10 00 

1.9 


Do____ _____ 

92 

! 13 .18 

93 

8.68 

1.5 

1.7 

Starch....... 

56 

' 8.50 

47 

11.39 

< 7 


Do... 

63 

. 15.07 

65 1 

16 83 



Do........ 

115 

i 12 IS 

; 121 ; 

10.21 

1.2 

.9 

Glycogen.... 

114 

! 10.81 

i 121 , 

10 . 21 

1.1 

1.1 


° Average. 


These data show (Table 23) that sucrose, with a ratio of 7.5, had 
the greatest life-sustaining value, and that follow T ing this came, in 
order, levulose (4.7), maltose (4.3), melezitose (4.3), dextrose (4.0), 
honeys (3.6), trehalose (3.1), dextrin (2.9), galactose (1.9), lactose 
(1.7), glycogen (1.1), and starch (0.9). Glycogen and starch, there¬ 
fore, had no more food value than distilled water. 

ENZYMES 

Practically all work done on digestion in insects has been a study 
of the various enzymes produced in the insect, either in the body as a 
whole or in some particular part of it. If the results obtained by 
feeding are to be compared with results obtained by investigating 
the enzymes, it follows that both must be reduced to common terms. 
Our knowledge of digestion in general indicates that an organism 
which is able to get nourishment from a carbohydrate other than a 
monosaccharide must first change this carbohydrate to a monosac¬ 
charide. Likewise, our knowledge of enzymes indicates that a specific 
enzyme is necessary for the hydrolysis of each complex carbohydrate 
67589—27-5 
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to a simpler form. It therefore seems clear that if an insect is able to 
obtain nourishment from a complex carbohydrate it must produce 
the specific enzyme necessary to hydrolyze this carbohydrate, and it 
must secrete this enzyme at a place where it may be in contact with 
the food. 

To state the results of these experiments in terms of enzymes, 
it seems clear that the honeybee larva has available for use in diges¬ 
tion, the following enzymes: Invertase, maltase, melezitase,trehalase, 
dextrinase, and lactase, but does not have available any diastase. 

The fact that there is no diastase available for use in digestion was 
quite unexpected, in view of the apparent widespread distribution 
of diastase among insects and its presence even in the adult honeybee, 
as reported by Erlenmeyer, Axenfeld, Petersen, and Pavlovsky and 
Zarin. (Table 1.) But is it not possible for diastase to be produced 
in an insect and still not be secreted into the intestine? 

I 11 order to obtain direct evidence concerning this question a number 
of larvae were punctured and their eoeiomic fluid (blood) collected. 
A few cubic centimeters of this fluid were added to a thin starch paste 
and incubated overnight at a temperature of 37.5 °C. The next 
morning the starch had disappeared and the solution gave a distinct 
reaction to Fehling’s test for sugar, thus showing clearly that diastase 
is present in the eoeiomic fluid. If, now, it be recalled that, as before 
mentioned, the larvae take starch into their alimentary tract, but 
receive no nourishment from it, it seems evident that although 
diastase is present in the larva as a whole, it is not present in the 
lumen of its digestive tract. This conclusion is essentially the same 
as that of Phillips (17) for the adult honeybee. 

At the same time, tests were made to ascertain whether or not 
invertase, maltase, and lactase were present in the eoeiomic fluid. 
Coelomic fluid was added to solutions of pure sucrose, maltose, and 
lactose, and the hydrogen-ion concentration was adjusted to P H 6.8. 
Then the specific rotation of the solution was ascertained by means of 
the polariscope, after which the solution was covered with toluol 
and_ allowed to stand for 24 hours. The polariscope reading was then 
again taken but in no case was any significant change noted. Such 
negative results give an indication, although by no means a proof, 
that neither invertase, maltase, nor lactase is present in the coelomic 
fluid of the larva, although from feeding experiments these enzymes 
are shown to be available for use in digestion. 

SUMMARY AND CONCLUSIONS 

Honeybee larvae may be removed from the comb and kept alive 
under artificial conditions such as are described under the head, 
11 Material and method.” 

They are able to utilize as food the following carbohydrates, named 
in the order of their apparent food value: Sucrose, levulose, maltose, 
melezitose, dextrose, trehalose, dextrin, galactose, and lactose 
(the last very slightly). This fact indicates that the larva has 
available the digestive enzymes invertase, maltase, melezitase, 
trehalase, dextrinase, and lactase. Honeybee larvae apparently 
differ fror^ adult honeybees, then, in their ability to use dextrin and 
galactose (according to Phillips) and lactose (according to both 
Phillips and Pavlovsky and Zarin). Lactase, has, however, been 
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found in the larvae of Euproctis chrysorrhoea , Bombyx mori , Hypono- 
meuta sp., and Tenebrio molitor. (Table 1.) 

Two carbohydrates which honeybee larvae are not able to use as 
food are starch and glycogen. The enzyme diastase is therefore not 
present in the lumen of the gut. But the enzyme diastase is present 
in the coelomic fluid of the larvae, as shown by the ability of the coe- 
lomic fluid to digest starch. In this respect, according to Phillips, the 
larvae are like the adult honeybees; according to all other investi¬ 
gators they are unlike the adults. They are also apparently unlike 
almost every other insect which has been investigated. 

Larvae are like adults in their ability to metabolize two rare 
sugars, melezitose and trehalose. Their ability to use trehalose is 
especially remarkable in view of the fact that this sugar probably 
never occurs in their normal diet. 

Under the conditions'of these experiments honeys show a life- 
sustaining value slightly less than sucrose, and approximately equal 
to levulose, maltose, melezitose, and dextrose. The various honeys 
used ranked in the following order from greatest to least life-sustain¬ 
ing value: Basswood clover, white clover, tulip tree, alfalfa, buck¬ 
wheat, mountain laurel, sage, wild buckwheat, aster, goldenrod, and 
locust: the reason for this order of values is not clear, since it is not 
to be explained on the basis of any known physical or chemical 
characteristic of the honeys. 
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A ROOT ROT OF LUCRETIA DEWBERRY CAUSED BY A 
VARIETY OF COLLYBIA DRYOPHILA FR. 1 

By R. F. Poole 

Associate Plant Pathologist , North Carolma Agricultural Experiment Station 

INTRODUCTION 

The culture of the Lucretia dewberry Rulus procumbens Muhl. var. 
roribaccus Bailey was begun as a commercial enterprise about 25 
years ago in the sand hills, where it is planted from Sanford to Ham¬ 
let in North Carolina. Although the industry has increased rapidly, 
the plant in many fields has lately become badfy diseased and at 
times unprofitable ( 11 ). 2 The most recent trouble is a root rot that 
is certain to become a much greater economic factor in growing 
berries because it severely reduces the productiveness of the plants, 
and by causing the death of some plants leaves a ragged irregular 
stand, which has not been corrected by cultural practices. It has 
been necessary to remove plants affected by root rot and the loss 
has become of such economic importance that studies were begun 
for the purpose of determining the cause and its control. These 
studies have revealed an imdescribed disease of the dewberry and a 
causal fungus heretofore unknown as a plant parasite. 

The symptoms of the disease, the life cycle of the causal organism, 
its dissemination, and parasitism are described. 

HISTORY AND DISTRIBUTION 

The root-rot disease was called to the attention of G. W. Fant, 
extension plant pathologist, during the growing season of 1922. The 
first reports were from Cameron, but investigations in 1926 revealed 
the fact that the disease was widespread throughout the sand hills, 
where it is apparently becoming worse. It is causing greater dam¬ 
age in some areas than in others; in some fields from 15 to 90 per cent 
of the plants are diseased. In the vicinity of Cameron the infection 
since 1922 has been so severe in some fields that all plants have been 
plowed out because of a diseased, unprofitable condition and the 
infected soil has since that time been used for other crops such as 
cotton and tobacco, which do not seem to be affected. 

The origin of the disease is not known but may easily be the present 
dewberry fields, since there is no report of this disease occurring 
elsewhere. Coker and his associates ( 2 ) have collected sporophores 
from various habitats in many localities of the State that are very 
similar to the fruiting bodies of the causal organism. Furthermore, 
the same investigators have found sporophoi’es very shxxilar to the 
causal organism in oak and pine woods, which make up the natural 
vegetation of a greater portion of the sand hills. However, there are 
no acceptable data to show that the fungus has been a parasite on 
the previous vegetation of lands now r used for planting the dewberry. 

1 Received for publication Apr. 12,1927; issued October, 1927. Published with the approval of the Direc¬ 
tor of the North Carolina Experiment Station as paper No. 18 of the Journal series, 

2 Reference is made by number (italic) to “ Literature cited,” p. 484. 
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While the disease appears to be confined to the sand hills in North 
Carolina, other varieties of the causal fungus are widely distributed 
geographically according to Buller (1 , p. 465, 470), who says: “Col- 
lybia dryophila is a well-known agaric commonly found in woods, both 
in Europe and North America. . . . In English woods, especially 
those of Sutton Park, near Birmingham, in the course of 20 years I 
must have seen some thousands of C. dryophila Mcllvaine (6) 
reported it from West Virginia, North Carolina, New Jersey, and 
Pennsylvania. In the latter State he reported a very pretty form, 
which was found on pine needles at Eagles Mere. Kauffman {4) 
found it very common throughout the State of Michigan, where the 
typical forms were in hardwood forests. There are slight differences 



Fig. 1 .— A, Field of Lucretia dewberries badly infected with root-rot disease (July 15): a, wilted 
canes on diseased plant; 6, empty hill, plant set in which was killed by the disease. B, field of 
Lucretia dewberries August 15 after old canes were removed, showing: a, weak plants due to dis¬ 
eased roots; 6, where plant was killed by the disease. C, Field of Lucretia dewberries July 15, 
showing healthy growth of canes on uninfected roots. D, Diseased canes, showing: a, girdling of 
cane; b, death of cane due to complete infection of all parts below; c, cane spur left after pruning, 
through which infection is common; d, small section of live tissue supporting weak cane growth 
above; e, small and bushy leaves 

noted in descriptions of the C. dryophila by these authors, which are 
obvious, since Mcllvaine (6, p. 121) says: “0. dryophila is so com¬ 
mon and variable that descriptions would fail to cover it in its eccen¬ 
tricities,” and Kauffman (4, p. 755) speaks of the C. dryophila "group ” 
as “a whole series of variations,” and he further believes that its 
varieties appear under different influences of habitat. This remark¬ 
able history of the fungus indicates that a parasitic variety could 
easly be confined to isolated areas without being distributed as widely 
as other varieties of 0. dryophila. 

The fungus is carried on roots of new plants, this being determined 
by isolating, the fungus from plants developed in infected soils and 
by inoculating new plants. The white to tan colored rhizomorphs 
are sometimes prominent on the plants grown on infected soils. The 
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fungus is easily disseminated from one plant to another in the same 
field on pruning shears, which are used in July to cut out all canes 
to or just beneath the soil. It is quite obvious that the inoculum is 
disseminated in other ways in which the soil is disturbed. 


SYMPTOMS OF DISEASE 



To the casual observer the most obvious symptom is the death of 
plants following severe infection (fig. 1, A and B), and the ragged, 
irregular growth of canes in comparison to healthy plants (fig. 1 , C). 
This is not the first nor the most significant symptom, however, 
since the plant may be 
severely stunted and 
may produce a very in¬ 
adequate growth of 
canes and yield only a 
small quantity of berries 
for one or many seasons 
before death occurs. 

(Fig. .2.) The causal 
organism is confined to 
the parts of the plant 
at or below the soil level, 
where it produces an 
abundance of myce¬ 
lium, which girdles the 
canes (fig. 1, D) and 
finally penetrates the 
tissues. The girdling is 
most severe on spring 
w od (fig. 3, A), but 
occurs also on the sum¬ 
mer and fall wood (fig. 

3, B). At this time 
the roots are also se¬ 
verely attacked and gir¬ 
dled by the fungus (fig. 

4, A) and the separated 
parts are destroyed by 
an abundant growth of 
the fungus (fig. 4, B). 
the plant is arrested and wilting and sudden death are the results. 
(Fig. 3, B.) This condition may occur when the canes are young or, 
as is often the case, just as the berries are beginning to ripen. In the 
latter event the berries are inferior in quality or totally worthless. 
(Fig. 5.) The plants have a natural inclination to resist the disease 
by the production of new canes from the roots that extend below the 
infected parts. When the original stump is killed, a new one develops, 
and when this is killed, still another is produced. The process of death 
and production of new canes is often repeated a number of times, so 
that single plants having several dead stumps are often found. (Fig. 
6, A.) Severely diseased stumps are unable to properly nourish the 
canes; consequently the latter remain short andbushy andmay readily 
be distinguished by contrast with the more vigorous, more productive 
canes produced on healthy plants. (Fig. 2.) 


Fig. 2.—Healthy plants on left, right, and m background; diseased 
plants with short canegrowth in the foreground 

When badly infected, the normal growth of 
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The foliage on the diseased canes is somewhat crowded, small, and 
has a purplish hue (fig. 1, D) in contrast to the green on the healthy 
plants. 

When the stumps, roots, and canes of diseased plants are examined, 
rhizomorphs, mycelium, and wefts of white, fungous hyphae of the 
causal fungus are easily found throughout the year. (Fig. 6, B.) 
When the fungus has lived on the same rootstock for several years, 
the weft of fungos hyphae in the bark and cambium become very 
pronounced. (Fig. 6, C.) The fungus parts are white or some 
shade of tan or brown and the wood rot is noticeable also after the 
fungus enters the old spurs and penetrates downward into the live 



Fig. 3 —A, Plants Inoculated with a pure culture of the causal organism in August, 1920, shewing: 
a, mycelium and rhizomorphs on 1926 cano in April; &, fungus on 1927 cane in April, Formed in 
March, many of these canes were killed before May 1,1927. B , Diseased plants, showing: a, sudden 
wilting due to complete infection of stem and parts of root system; b , uninfected stern and root 
system; c, infection of spur at surface of soil, where wilting and death of several canes in the center 
of this plant is due to the killing of the tissues between canes and stem by the disease 


wood (fig. 6, D), causing its destruction (fig. 7, A). At this stage the 
strands of hyaline mycelium are present in the xylem, sometimes 
almost completely filling the cell. (Fig. 7, B.) 

THE CAUSAL ORGANISM AND ITS LIFE HISTORY 

The disease is caused by a parasitic variety or strain of Oollylia 
iryophila Fr. This fungus lives over in and on the tissues of the 
infected roots and canes in the soil, and there it remains active 
throughout the winter months, as well as during the growing season. 
The fact that the fungus was isolated from infected parts early in 
March, and at other periods throughout the year, is definite proof that 
the fungus parts are not destroyed by high and low temperatures 
prevailing in this area during the summer and winter months. The 
hibernating of the mycelium in the tissues is certain to maintain the 
life cycle of the fungus for a few if not for many years without the 
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aid of the spores, since no sporophores were found on dewberry plants 
in the field during 1926, which was probably due to a severe summer 
dixmght. In spite of this fact the fungus was isolated from diseased 
plants collected in the field in the early part of March of both the 
1926 and 1927 seasons. 

The fungus is readily obtained in pure culture by plating on prune 
agar in the usual manner strands of mycelium from rhizomorphs 
taken from live roots, to escape saprophytes on dead tissues. The 
prune medium is com¬ 
posed of 10 grams of 
agar, 125 grams of large 
prunes, and 1 liter of 
water. On this medium 
the mycelium is nearly 
pure white for 30 days, 
and sometimes longer, 
finally becoming cream- 
ish and shades of tan. 

Although the fungus is 
isolated with some diffi¬ 
culty when neutral me¬ 
dia of the ordinary 
strength of plant coc- 
tions and synthetic com¬ 
binations are used, it 
grows on these media 
when large amounts of 
inoculum are employed 
or when made slightly 
acid. The mycelium 
grows well on rice, po¬ 
tato, sweet potato, 
apple, corn meal, and 
Cook } s synthetic me¬ 
dium. The mycelium 
development in barn¬ 
yard manure is espe¬ 
cially well suited for in¬ 
oculation tests because 
of the ease with w T hich 
the inoculum is removed 
from culture flasks and 
placed around small roots and stems. While the growth of the 
mycelium is very abundant on a large number of media, the 
sporophores have been obtained on parts of the dewberry plant 
only. This medium was prepared by cutting sections of roots and 
canes so that the parts could be easily inserted into 2-liter flasks. 
The medium was moistened, sterilized in the usual manner, and held 
for 15 days to assure complete sterilization, after which a pure culture 
of the fungus was added. The culture was incubated at 25° C. in 
candle light. In 48 hours the growth of the mycelium was evident, 
and in another 48 hours the rhizomorphs were forming in all parts of 
the flask. Sporophores began to develop in 30 days, but on the 



Fig. 4.—A, Results of inoculating new plants. Lesions shown on 
diseased roots and white mycelium developed abundantly 30 days 
after inoculation. B, Diseased roots taken from inoculated plants, 
showing lesions, destruction of roots, and the prolific growth of 
mycelium 
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dewberry parts alone they developed slowly and were not always well 
developed. When prune medium was added to the dewberry parts, it 

increased the growth of 
mycelium, rhizomorphs, 
and sporophores. The 
color of the myceli¬ 
um and rhizomorph on 
plants in the field and 
in cultures in the lab¬ 
oratory is similar in 
every way. The devel¬ 
opment of the myce¬ 
lium and rhizomorphs 
has much to do with the 
production of sporo¬ 
phores, since the largest 
number of sporophores 
were obtained when 
the rhizomorphs were 
most abundant. Sterile 
water was added to all flasks at frequent intervals in order to extend 
the growth of the mycelium and rhizomorphs and thus to determine 
the duration of sporophore production on the medium used. In these 



Fig. 5.—Normally ripened berries from uninfected canes compaied 
with those obtained from wilted canes on the same plant as that 
shown in fig. 3, B, 6 



Fig. 6 . —A, Underground parts of dewberry plant 10 or more years old, showing dead stumps in 
center and live but diseased stumps on each end. The central stumps without cane spurs have 
been dead for several seasons. B, Rhizomorphs and mycelium on roots and stump. O, The re¬ 
sults of pure culture inoculation in flasks, showing characteristic weft of white fungous hyphae in 
bark and cambium of severely infected stems. Note small undeveloped sporophore in center 
D, Diseased stems; showing: a f slight uninfected area supporting canes above; b t slightly dis¬ 
colored diseased heartwood; c, transverse section of stem and abundance of white fungous hyphae 
in both bark and cambium 


studies new rhizomorphs and sporophores were produced for six 
months, after which neither rhizomorphs nor sporophores developed 
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in these cultures. This was obvious, since an examination of the 
dewberry parts used in the cultures showed that all tissues of the roots 
and canes were infected throughout with mycelium which had used 
the sustenance available to the fungus. Tests for starch and for 
reducing sugars gave negative results. 

In cultures the mycelium is some shade of white or light tan. 
There are few to many strands of mycelium in a rhizomorph, and 
these are characterized by long, straight walls and clamp connec¬ 
tions. In the cortex, phloem, ray tissue, and cambium the fungus 
produces wefts or fans 
of white fungous hy- 
phae, while in the xylem 
and pith cells it forms 
single hyaline strands. 

The rhizomorph . is a 
shade of white, tan, or 
brown, never black, 
being alike in pure cul¬ 
ture and on infected 
parts in the soil. It 
is much branched and 
extends from one part 
to another in long 
straight strands. The 
largest rhizomorph ob¬ 
tained in these studies 
measured a millimeter 
in diameter. 

By using the dew¬ 
berry medium in 10 
flasks, an abundance 
of sporophores were 
produced. The total 
production amounted 
to 138 mature and 
many immature sporo¬ 
phores. Twenty-eight 
plants were obtained 
in a single flask. This 
heavy production of 
sporophores has been 
of much assistance in 
the determination of 

the fungus. Speci- . 

mens were submitted to C. H. Kauffman, of the University of 
Michigan, G. W. Martin, of the University of Iowa, and W. C. 
Coker, of the University of North Carolina, all of whom determined 
the fungus as a variety of Collybia dryophila Fr. The sporophore 
is very similar, and is probably the same as specimens collected 
by Coker and his associates in various habitats of North Carolina. 
Therefore, it seems advisable to add a concise but short description 
of the parasitic variety. 

The sporophore as produced in pure culture is solitary, gregarious, 
and subcaespitose. (Fig. 8, A and B.) The pileus is gibbous, 
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smooth, dull, subhygrophanous, white, tan, and brown, 2 to 8 centi¬ 
meters broad. The lamellae are adnexed, crowded, white. The 
stipe is whitish changing to same color as pileus, stuffed, striate, 
3 to 15 centimeters long. Spores are faint buff, pip-shaped, smooth, 
4 ix to 8ju- 

INOCULATION RESULTS 

The growth of a weft of fungous hyphae in bark, phloem, ray 
tissue, and cambium, and the mycelium in the xylem and pith cells 
of live wood, and persisting there throughout the year, the m.ass of 

mycelium forming on 
and causing girdling of 
live epidermal cells of 
that part of the cane in 
the soil, and the con¬ 
spicuous rhizomorph on 
live roots and stems, are 
prominent suspicious 
parasitic relations of the 
fungus to the plant. 
In order to prove its 
parasitism, healthy 
plants were inoculated 
with a pure culture of 
the parasitic variety 
of Collybia dryophila. 
The culture for this in¬ 
oculum was 60 days 
old, and was grown on 
barnyard manure. The 
inoculum was placed on 
the roots and stems and 
the plants set in sand 
in pots in a greenhouse, 
where temperature and 
moisture conditions 
suitable for excellent 
growth of the plant and 
the fungus were main¬ 
tained, field experi¬ 
ments having shown 
that the conditions 
which favored the 
growth of the plant also favored the development of the fungus as a 
parasite. Three separate inoculation tests were conducted, each 
with 10 or more replications. Untreated plants were maintained 
under similar conditions. In all three tests the results were the same, 
in that 100 per cent infection was obtained on inoculated plants. 
The fungus produced lesions on the young roots in seven days (fig. 4, 
A and B), and in six months the symptoms were identical with those 
produced in the field (fig. 3, A). However, these studies indicate 
that several years are required for the complete infection and destruc¬ 
tion by the fungus of plants grown under field conditions, but that 
it may kill canes in a single season. In these tests 9 per cent of the 



Fig. 8.—A. Pure culture development of sporophores on dewberry 
medium in 2-liter flask. B. Characteristic sporophore of the 
parasitic variety of Collybia dryophila 
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plants were killed outright in 30 days because of badly infected roots. 
On the other hand 68 per cent of the infected plants hare remained 
severely stunted while the fungus continued to attack and live on 
the roots nine months after the inoculum was added. (Fig. 3, A.) 
This behavior of the fungus under experimental conditions is similar 
to its behavior in nature, since the same rootstock is sometimes used 
for 15 years and longer, and may harbor the fungus causing continu¬ 
ous annual stunting of the plant without causing death. In fact the 
percentage of plants killed in severely infected areas is generally very 
small, because the deeper roots, which are not so readily destroyed, 
continue to produce new canes. The fungus entered the new roots 
without the aid of mechanical injury, but penetrated broken ends 
and other injured parts with equal rapidity. 

In the field, infection occurs largely through the cane stubs which 
remain after pruning. This is easily traced on recently infected 
plants. The fungus enters the dead tissue, later passing into the 
live tissue, and as a consequence canes are killed at various periods 
during the growing season. (Fig. 3, B.) In this experiment the 
fungus girdled the small roots, which died. Later the fungus formed 
a felt of white hyphae on the infected parts from which the rhizo- 
morphs extended outward into the soil. When the small infected 
plants were removed from the pots, mycelium and rhizomorphs were 
found to break off and remain in the pots. The middle lamella of 
cells of small roots was destroyed, and the tissues as a whole became 
severely infected. On the stems, the mycelium first worked into 
the bark, cambium, and through the rays to xylem and pith cells. 
(Fig. 9, A, B, C, D.) These were most conspicuously occupied by 
the fungus when the parts were inoculated in flasks. The fungus 
was isolated in April, 1927, from plants inoculated in August, 1926. 
and had made continuous growth on the roots and in the tissues 
throughout the nine months. Although apparently no gum had 
formed on infected tissues the adhering of soil to the plant seemed to 
be due partly to some excrement and partly to the matting of my¬ 
celium around the small particles. (Fig. 3, B.) Another test was 
conducted with live roots, which were treated for one minute in a 
one one-thousandth solution of murcuric chloride, washed in sterile 
water and added to a pure culture of the fungus in the prime medium. 
The same procedure was carried out with other sections, which were 
left uninoculated. The disease and the symptoms were readily 
obtained on the live roots which were killed, while the uninoculated 
roots remained healthy and produced new sprouts. In another test 
similar to this, in which partly live and dead wood was first sterilized 
and then inoculated, the weft of hyphae became equally if not more 
pronounced than it is in the field. (Fig. 6, C, and fig. 9, A, B, C, D.) 
In all of the inoculation studies the results were more or less prom¬ 
inent and easily diagnosed, since the familiar mycelium, hyphae, and 
rhizomorphs made identification very much more certain than is 
possible in the study of disease symptoms produced by less conspic- 
ucous types of bacteria and fungi. Because it was possible to 
maintain a continuous water supply and temperature conditions 
satisfactory for the best growth of the fungus the definite breaking 
down of the tissues such as was obtained in these pure-culture studies 
in the laboratory, in wdiich the wood became soft (fig. 7, A), is a 
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greater demonstration of the power of the fungus to destroy wood 
than is found on most of the severely infected plants in the field. 
After six months the diseased wood in the flasks is now easily torn 
and separated because of the action of the disease on the tissues. 
The untreated plants in all tests remained healthy throughout and 
have produced new and vigorous canes, which have been, easily 
distinguished from the shorter and weaker growth of the diseased 
plants. 



Fig. 9 .—Inoculated stem of 4-year old dewberry plant, showing transverse seetions made nine 
months after stems were inoculated with pure culture in laboratory. A, Wefts of fungous 
byphae m bark and cambium. B, Fungous hyphae m the cambium, and ray cells of the 
growth wood. C, Enlarged ray containing strands of mycelium. D, Pith and xylem cells with 
hyaline mycelium. 


DISCUSSION 

This is the first report of a parasitic variety of Gollybia dryophila 
Fr., a fungus which is well known and has been studied by many 
mycologists (1 7 4 , 6 , 7 , 8 ). While Mcllvaine and MacAdam ( 6 ) 

refer to the fungus as “oak-loving,” they do not indicate whether 
or not it is a parasite on the oak. 

The root-rot disease of the dewberry seems identical with the root 
rots of blackberry and raspberry caused by Armillaria mellea (Vahl) 
Quel. (5 } 9) and to the root rot of fruit trees caused by Clitocybe 
parasitica Wilcox (10). The weft of fungous hyphae produced by 
all of these fungi is white and ocupies the same tissues. It is obvious 
then that the disease caused by these fungi can not be separated solely 
on the basis of or the presence of mycelium and rhizomorphs—general 
symptoms of stump destruction and weak plant growth—when not 
black. While the A. mellea fungus has not been reported on dew¬ 
berry, it attacks the.blackberry (5) which is susceptible to the disease 
described here. It is certain that the only safe method of procedure 
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in determining the cause of root-rot (perhaps most appropriately 
stem-rot) diseases of berries, is by means of sporophores, the method 
by which the Agaricaceae are now classified. These fungi may live 
in the conductive tissues of roots and stems for many years before 
the production of sporophores takes place, but these can be obtained 
more quickly in pure culture without much difficulty, according to 
the present researches and to those of Gilmore (3), and Molisch (7). 

The southern blackberry ( Rubus viUosus Ait.) and wild southern 
dewberry (Rubus trivialis Michx.) are both susceptible to the root-rot 
disease and further inoculations are being carried out to determine 
the relation of the fungus to other plants in the infected area. 

SUMMARY 

A root-rot disease of the Lucretia dewberry Rubus procumbe?is 
Muhl. var., roribaccus Bailey is causing severe damage throughout 
the sand hills from Sanford to Hamlet, N. C. It was reported in 
1922, and appears to have become worse in recent years since plants 
have been plowed up in some fields because of being diseased and 
unprofitable, a condition which has not been described heretofore. 

The symptoms of the disease are a stunted growth of the plant 
resulting from a diseased root system; wilting, caused by a recent 
attack of the disease on the canes below old spurs left after pruning, 
and by the death of the roots; girdling of canes; small and bushy 
purplish leaves; wefts of white fungous hyphae in bark, cambium, 
and rays, hyaline mycelium in xylem, and pith cells; white to tan 
and brown rhizomorphs on dead and liv r e parts of roots and canes; 
and the decay of the wood, which becomes soft. 

The disease is caused by a parasitic variety of Collybia dryophila 
Fr. which is widely distributed geographically in Europe and Amer¬ 
ica, where it has been studied extensively, but the parasitic variety 
described here may not be widely distributed, since this is the first 
report of a parasitic variety of the O. dryophila “ group.” 

The causal organism is isolated by plating on prune agar mycelium 
and rhizomorphs from recently infected live parts of the plant, since 
recently infected tissues are not apt to be infected with saprophytic 
fungi, which are difficult to eradicate and usually develop more 
quickly than the parasite. The fungus is difficult to isolate when 
nejutral media are used, but grows well on plant coctions of potato, 
sweet potato, rice, apple and com meal, on barnyard manure; and 
on Cook’s synthetic medium, when large amounts of inoculum are 
transferred or when the media are made slightly acid. 

The sporophores were obtained on dewberry medium only, but 
greater production was brought about by adding cooked prune 
extract to the medium. In pure culture the first sporophores were 
obtained in 30 days, while maximum production was obtained in 
from 60 to 90 days. The duration of sporophore production in this 
medium is six months. 

The description of the parasitic variety varies only slightly from 
description given by others. The plant is solitary, gregarious, and 
subcaespitose; the pileus is white, tan, and shades of brown, and 2 to 
8 centimeters broad; the stipe is striate, stuffed, and 3 to 15 centi¬ 
meters long; the lamellae are some shade of white, narrow, crowded, 
and adnexed; the spores are hyaline, pip-shaped, and 4 to 8 
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The life cycle of the fungus in North Carolina is attained without 
uniform production of sporophores, since there were no sporophores 
produced in the field during 1926. 

The parasitic nature of the fungus was thoroughly tested. A 
pure culture of the fungus was first obtained. Healthy plants were 
inoculated and after the disease symptoms were produced, the 
fungus was reisolated from the diseased areas. Furthermore, the 
fungus has lived on inoculated plants throughout a period of nine 
months, constantly forming new rhizomorphs, and attacking roots 
and stems. 

The disease is disseminated by means of infected plants and on 
pruning shears. 

The plants known to be susceptible to this disease are the southern 
blackberry ( Rubus villosus Ait.), wild southern dewberry (R. trivialis 
Michx.), and Lucretia dewberry ( R. procumbens Muhl. var. roribaccus 
Bailey). 

The symptoms of root rots of other plants caused by Armillaria 
meUea (Vahl) Quel, and Glitocybe parasitica Wilcox are more or less 
similar to those produced by Ootlybia dryophila , from which it is 
obvious that identification of root-rot diseases made solely on the 
basis of the presence of rhizomorphs and wefts of fungous hyphae in 
the tissues without the sporophores, is apt to be misleading, since 
classification of the Agaricaceae rests upon the sporophore characters. 
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POMEGRANATE BLOTCH 1 


By Frederick A. Wolf 

Pathologist , Office of Fruit Diseases, Bureau of Plant Industry , United States 

Department of Agriculture 

INTRODUCTION 

The pomegranate (.Punica granatum L.) is not grown on a commercial 
scale in southeastern United States, but is extensively planted as an 
ornamental. On this account, no doubt, little attention has been 
given to its diseases. During the summer of 1925, however, the 
writernoted the occurrenceon this plant, in several localities in Florida, 
of a disease which affects both the foliage and the fruits. An examina¬ 
tion showed that this disease is identical with one which was first 
collected in 1909 in Texas and ascribed to Cercospom hjthracearum 
H. & W. 2 ^ Since these brief mycological notes appear to constitute the 
only published account of the fungus, an attempt was made to deter¬ 
mine its life cycle and to gain additional information in regard to the 
disease. It has been found that the disease not only manifests itself 
by foliar lesions but also by characteristic blotches upon the fruit, 
so that it may properly be designated by the common name u blotch. ” 
In addition it has been found that the parasite which causes blotch 
possesses in sequence a conidial, a spermagonial, and an ascigerous 
stage. The observations to date will therefore be briefly summarized 
as a contribution to our knowledge of pomegranate diseases. 

APPEARANCE OF LESIONS 

The pomegranate in Florida retains some of its foliage throughout 
the entire year, so that affected leaves may be found at any season. 
The presence of circular or somewhat angular brown areas 4 to 5 mm. 
in diameter characterize the leaf-spot form of this disease. (Fig. 1, D, 
and pi. 1, A.) The margins of the lesions when viewed whh the aid 
of a hand lens by transmitted light are pink and somewhat translu¬ 
cent. Affected leaves are pale green, and usually there are few T er 
than 20 spots per leaf. Diseased leaves fall prematurely in sufficient 
quantity to keep the ground covered. During periods of high rela¬ 
tive humidity the lower surface of lesions is covered with dense 
aggregates of conidiophores and conidia which en masse appear brown. 
The conidial fructifications appear on the upper surface less commonly 
and in less abundance. 

The first evidences of disease on the fruit are small but conspicuous 
dark-brown spots. These are circular in outline but by unequal 
radial growth soon become irregular blotches. By coalescence of 
these blotches a considerable proportion of the surface of the fruit 
becomes discolored. (Fig. 1, E, and pi. 1, B.) No pitting nor Assuring 


1 Received for publication May 20,1927; issued October, 1927. 

2 Heald, F. D., and Wolf, F. A. new species of texas fungi. Mycologia 3; 5-22. 1911. 

-and Wolf, F. A. a plant disease survey in the vicinity of san antonio, texas. U. S. Dept. 

Agr., Bur, Plant Indus. Bui. 226, 129 p., illus. 1912. 
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of these affected tissues occurs. When affected fruits are provided 
with suitable moisture conditions, such as are present when they are 
placed in a moist chamber, the surface of the lesions becomes covered 
with a velvety brown layer of conidiophores and conidia. 

THE CAUSAL FUNGUS 

The Cercospora or conidial stage of the fungus which causes these 
lesions may be found on the foliage at any time throughout the year. 
The conidiophores occur in dense aggregates most commonly on the 



Fig. 1.—Pomegranate blotch and its causative fungus, Mycosphaerella lythracearum : A, conidi¬ 
ophores of the blotch fungus; B, conidia; C, germination of conidia; D, distribution of lesions 
on pomegranate leaf; E, distribution of lesions on fruit; F, germinating ascospores; G, ascos- 
pores; H, ascus, I, spermatia; J, pentheeium in outline. (All except D and E drawn to scale 
shown in J) 

lower leaf simface. They measure 20m to 30m by 3 m to 4 m and are 
faintly brown. (Fig. 1, A.) The conidia are filiform, clay ate, sub- 
hyaline 2 to 5 septate, and measure 30 m to 56 m by 3 m to 3.5 m. (Fig. 1, B.) 
They germinate readily in water or on solid media with the formation 
of several germ tubes. (Fig. 1, C.) The growth of the colonies is rather 
slow on potato-dextrose agar, since about a month is required for the 
production of a colony 1 cm. in diameter. The surface of the colonies 
in contact with the medium is olivaceous in color and the exposed sur¬ 
face smoky. The mycelium is densely compacted except at the 
exposed surface. 

Diseased leaves which were collected during August and placed in 
a sheltered situation in contact with the ground, when examined 
during October, were found to contain numerous globular black 
bodies in the spots which had been killed by the Cercospora. Free¬ 
hand sections showed that these bodies were pycnidial in structure, 
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Plate 1 



A. —-The leaf-spot form of pomegranate blotch 

B. —Blotch lesions on pomegranate fruits 
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that they opened to the lower leaf surface, and that they were filled 
with numerous hyaline rodlike pycnospores measuring 3 m to 5 m by 1/x to 
1.5/jl. All efforts to germinate these pycnospores have resulted in 
failure, which fact is regarded as evidence that they are not the conidia 
of a saprophytic species of Phyllosticta but are homologous with 
what have been termed spermatia. Their small size, their occurrence 
only in the tissues killed by Cercospora and not in the tissues sur¬ 
rounding the lesions, the time of their formation, which corresponds 
with that of the appearance of spermagonia of other ascomycetous 
fungi, and the fact that they are succeeded in due time by the peri- 
thecial stage, are regarded as additional evidence that these pycno¬ 
spores are spermatia. 

At the time when the spermagonia were abundantly present, 
stromata were noted to be forming within the palisade parenchyma. 
These stromata proved from subsequent observation to be the initials 
of perithecia. Mature perithecia, however, were not observed until 
March 23. They were then present in abundance and occupied the 
lesions produced by the Cercospora stage and appeared as tiny black 
elevations projecting from the upper leaf surface. They are globular 
in outline, vary in diameter from 75 to 95 m, and open to the surface 
by means of a short blunt papilla. (Fig. 1, J.) The wall is com¬ 
posed of a thin layer of brown cells. 

The asci are eight-spored, cylindrical, without paraphyses, and 
cling together in a cluster when crushed out of the perithecium. They 
measure 42 m to 50 m by 6.5 m to 8/x. (Fig. 1, H.) The ascospores are 
biseriate, unequally two-celled, hyaline, curved, and measure 11/* to 
14 m by 2.7 m to 3.5 m* (Fg. 1, G.) 

Isolations from ascospores were obtained by inverting poured 
potato-dextrose agar plates above leaves bearing mature perithecia. 
The ascospores are thus forcibly expelled and lodge on the surface 
of the medium. Germination occurs within 18 hours by the emer¬ 
gence of a germ tube from each end of the ascospore. (Fig. 1, F.) 
The mycelial growth is rather slow and is at first olivaceous. 

Parallel cultures isolated from conidia and from ascospores were 
made on carrot agar, Czapek’s agar, Dox’s agar, prime agar, glycerine 
agar, eornmeal agar, potato-dextrose agar, apple agar, peach agar, 
sterilized pigeon-pea stems, potato cylinders, and sterilized leaves, 
twigs, and fruits of pomegranate. All cultures on the same medium 
were entirely similar in growth characters. Further, all cultures 
both from ascospores and from conidia have remained sterile, so that 
it has been impossible to secure evidence of the genetic relationship of 
conidial and aseogenous stages in the usual manner. This failure to 
form conidia in culture has precluded the possibility of making 
inoculations from pure cultures as a means of showing the relationship 
of the two stages and at the same time of proving the pathogenicity 
of this fungus. However, there is ample reason to believe that the 
two stages are related, because (1) the colonies from conidia and from 
ascospores are indistinguishable; (2) conidia, spermagonia, and the 
perithecial initials are present at the same time in autumn in the 
same lesions; (3) the perithecia are present in abundance in spring in 
the areas resultant from infection by the Cercospora stage; (4) they 
do not occur in the tissues surrounding the lesions produced by 
Cercospora, and no other ascomvcete is associated with the diseased 
areas; and (5) these observations accord with well-known facts, since 
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other species of Cercospora are known to possess an ascigerous stage 
of the type described for the pomegranate fungus. Further, field 
observations leave no doubt that the Cercospora stage is virulently 
parasitic. 

SYSTEMATIC DESCRIPTION 

The characters presented by this fungus are manifestly those of 
the genus Mycosphaerella as employed by Johanson , 3 to which genus 
it is assignee!. Apparently no ascomycete of this genus has been 
described on Punica granatum, and it is not evidently like any of the 
Mycosphaerellas on Lythraceae or closely related plants. . Further¬ 
more, it is not believed to be advisable solely on the basis of.mor¬ 
phological similarity to assign it to any of the numerous species of 
Mycosphaerella which have been described on other hosts. Since 
the Mycosphaerella under consideration is associated with pome¬ 
granate, and since it is highly probable that it is connected with 
Cercospora lyihracearum , it may appropriately be given the name 
Mycosphaerella lyihracearum with the following diagnosis: 

Mycosphaerella lythracearum n. sp. 4 Svn. Cercospora lythracearum Heald and 

Wolf, 

Ascigerous stage . —Perithecia black, epiphyllous, aggregated on spots killed hy 
conidial stage, giobose, 75 m to 95 m in diameter, immersed with papilla protruding 
through the epidermis. Asci cylindrical, clustered, aparaphysate, 42m to 50m by 
6.5 m to Sm; spores biseriate. slightly curved, colorless, unequally once septate, 
11m to 14m by 2.7m to 3.5m. In fallen leaves of Punica granatum. 

Conidial stage . —Lesions on leaves angular to circular, brown, 4 to 5 mm. in 
diameter; on fruit, irregular dark blotches. Dense aggregates of conidiophores 
20m to 30m by 3m, subhyaline, amphigenous, mostly hypophyllous. Conidia fili¬ 
form, clavate, 30m to 56m by 3m to 3.5m, hyaline, 2 to 5 septate. Parasitic on 
leaves and fruits of Punica granatum. 

Spermagonial stage. —In autumn epiphyllous spermagonia appear in lesions 
produced by the Cercospora stage. Spermatia 3m to 5m by 1m to 1.5m. 

Available records of collections indicate the occurrence of pomegranate blotch 
in several localities in Texas, Florida, Alabama, and Bermuda. 5 

LATIN DESCRIPTION 

Peritheciis atris, epiphyllis, gregariis, globosis, epidermide velatis poro per- 
tusis, 75-95m; ascis cylindrieis, fasciculatis, aparaphysatis, 42m to 50m by 6.5m to 
8m; sporidiis distichis, leviter curvulis, hyaiinis, bicellularibus, loculis subae- 
qualibus, 1 1m to 14m by 2.7m to 3.5m. Hab. in folds dejectis Punieae granati. Status 
conidicus: maculis in foliis angularis vel rotundatis, brunneis, 4 to 5 mm. in diam.; 
laesiones in fruetis irregularibus, atris; conidiophoris dense aggregatis, 20m to 30m 
by 3m, dilute brunneis; conidiis filiformibus, clavatis, 30m to 56m by 3m to 3.5m, 
hyaiinis, 2 to 5 septatis; spermatiis autumno in spermagoniis, 3m to" 5m by 1m to 
1.5m hypophyllis. Hab. in foliis fructisque vivis Punieae granati. 

* Specimens have been made available by deposition in the collec¬ 
tions of the Office of Mycology and Disease Survey, Bureau of 
Plant Industry, Washington, D. C. 

SUMMARY 

This report^ concerns a disease which appears on the foliage and 
fruits of Punica granatum. It has hitherto been known as a leaf 
spot but manifests itself also by characteristic blotches on the fruit. 
It is known to occur in Texas, Florida, Alabama, and Bermuda. 

* Johanson, C. J. svampar frIn islanb. Of vers. K. [Svenska] Vetensk. Akad. Ftirhancll. 41 (9): 163, 
1884. 

* There are mycologists who would use the generic name Sphaerella in the sense employed in the 
following: Saccardo, P. A. s^lloge funoorum, v. 22, p. 120. Patavii. 1913. 

* Collections from Alabama were made by H, JR, Fulton and from Bermuda by H. H Whetzel and L, 
Ogdvie, 
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Pomegranate blotch is caused by an ascomycetous fungus herein 
given the name Mycosphaerella lythracearum n. sp. The conidial 
stage of this fungus, Cercospora lythracearum, is present throughout 
the entire year in Florida on green foliage. 

A spermagonial stage occurs during autumn on the lower surface 
of lesions caused by the Cercospora stage. 

Mature perithecia are present in early spring on fallen leaves. 

The relationship of conidial and peritheci&l stages is evidenced 
(1) by their occurrence in due time in the same lesions, (2) by the 
similarity of cultures from conidia and ascospores, and (3) by the 
fact that a number of Cercosporas are known to possess a Mycosphae¬ 
rella stage. 




A SUBCUTANEOUS TUMOR IN A PRIMATE CAUSED BY 
TAPEWORM LARVAE EXPERIMENTALLY REARED TO 
MATURITY IN DOGS 1 

By Benjamin Schwartz 

Associate Zoologist, Bureau of Animal Industry, United States Department ol 

Agriculture 

INTRODUCTION 

This paper contains a description and discussion of a tapeworm 
of which the larval stage, known to zoologists as a coenurus, was 
found causing a large subcutaneous tumor in a primate ( Theropi - 
thecus olscurus), and from which the adult stage, a strobilate tape¬ 
worm, was experimentally reared in dogs. Despite the fact that 
these bladder worms and experimentally reared tapeworms as in¬ 
vestigated by the writer appear to be morphologically indistinguish¬ 
able from one of the known dog tapeworms (Multiceps serialis ), the 
former are regarded in this paper as representing a variety of that 
species. The reasons for differentiating these worms from Multiceps 
serialis are based on experiments involving the intermediate host 
relationship of the parasite studied by the writer. The latter form 
will be referred to in this paper as Multiceps serialis var. theropitheci . 
This designation conforms to a certain tendency among para¬ 
sitologists to designate varieties of parasites by the generic name of 
the host or by a derivative of that name. 

Parasites of primates have considerable potential significance in 
human medicine, as Stiles and Orleman (10 ) 2 have recently noted, 
and this fact warrants a detailed study of this eoenurus as possibly 
one that is capable of developing in man with distinctly unpleasant 
consequences. As a matter of fact two very closely related larval 
tapeworms, Multiceps multiceps and Multiceps glomeratus , have been 
reported from man, the former from one of the lateral ventricles of 
the brain and the latter from one of the intercostal muscles. 

The parasites were collected by Robert Formad, of the pathological 
division of the Bureau of Animal Industry, in the course of a necropsy 
on a baboon (Theropithecus obscurus ) from the National Zoological 
Park at Washington, D, C. The baboon was killed early in April, 1925, 
because it was deformed by a large subcutaneous tumor in the right 
thoracic region which rendered the animal unsuitable for exhibition 
purposes. Formad removed the tumor, recognized it as parasitic 
in nature, and referred it to the zoological division for identification. 
The following is a part of a report submitted by Formad In regard 
to the post-mortem appearance of the tumor; 

Carcass in good condition. Large cystic tumor, parasitic in nature and honey¬ 
combed in appearance, was situated externally on the right thoracic region, adhering 
to the skin around the nipples. A fistulous and necrotic tract extended for about 
1 inch into the tumor. 


1 Received for publication Apr. 26,1927; issued October, 1927. 

* Reference is made by number (italic) to “Literature cited*’ p. 480. 
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DESCRIPTION OP TUMOR 

In its unpreserved state the tumor weighed, about 1,500 gm. The 
preserved specimen is more or less spherical in shape and somewhat 
asymmetrical, being about 20 cm. long by about 16 cm. wide. Its 
membraneous surface presents a number of openings of which some 
are more or less circular, others irregular in shape. The openings 
lead into spaces which communicate with adjoining spaces through 
openings, the entire tumor presenting a honeycombed appearance 
and the intercommunicating spaces being more or less completely 
filled with bladder worms (larval tapeworms). 

About one-half of the membranous surface of the cyst appears 
wrinkled and folded, with numerous bladder worms protruding 
through the openings. The remaining portion of the external surface 
of the cyst is fairly smooth and contains but few openings. The 
general shape and appearance of the tumor are shown in Plate 1, in 
which a number of the larger openings on the wrinkled surface of the 
C3 r st wall are clearly visible. 


DESCRIPTION OF BLADDER WORMS 



Fig. 1.—A cluster of bladder 
worms showing the attach¬ 
ment of the coenuri to the 
cluster by means of stems. 
About natural size 


Many of the bladder worms are more or less elliptical, some are 
spherical, and others are irregular in shape. They occur in clusters, 
the individuals containing, as a rule, several 
heads. The bladder worms show considerable 
variation in size and shape and in external 
modification, most of them containing a vari¬ 
able number of fringed structures on the sur¬ 
face. Some appear to be perfectly smooth, 
however, and occasionally occur as single fomis 
with a small stalk or pedicle by which they were 
probably at one time attached to a cluster. 
Although the bladder worms are commonly 
found in grape-like clusters, some forms exhibit 
a branching structure, being attached to the parent stem by short 
stalks. The appearance of the colonial bladder worms and their 
union to one another as well as their mode of branching are shown 
in Plate 2 and in Figure 1, in which various shapes of individual 
bladder worms, cluster formation, and the attachment of bladder 
worms to stalks by means of short stems are clearly illustrated. 

Although a number of sterile bladder worms were observed, as well 
as a number which contained but a single head each, the majority of 
the mature individuals contained several heads each, figure 2 
shows a cluster containing two large and several smaller bladder 
worms. The large bladder worms contain several heads each, most, 
of the heads being evaginated. Figure 3, a, shows a bladder worm 
with eight invaginated and one evaginated head, and Figure 3, b, 
shows a bladder worm with seven invaginated heads and a smaller 
bladder worm attached to it with three invaginated heads. 

The question of the specific identity of the eoenurus stage of the 
tapeworm genus Multiceps involves primarily the number, size, and 
shape of the hooks and incidentally the other head structures, 
notably the suckers and rostellum. Examination of the bladder- 
worm heads obtained from the tumor showed them to be densely 
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Plate 1 



Tumor showing openings on membranous surface. The irregularly shaped, whitish objects 
are the protruding bladder worms 
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Plate 2 



A group of bladder worms, Multiceps serialis var. theropttheci. Natural size, a, A; small 
group of bladder worms, the one on the right being attached by means of a sm^-ll stem; 
b f c, and d, groups of bladder worms showing variation in size and shape of the individual 
coenuri; e, a grapelike cluster of bladder worms; /, a group of bladder worms that exhibit 
a dendritic mode of branching; g, two clusters of bladder worms connected by a strand of 
tissue 
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crowded with calcareous corpuscles. In unpressed preparations the 
diameter of the scolex or head is about 774 m; the diameter of the 
suckers ranges from 235m to 260 j*. There is a double crown of from 
28 to 32 hooks. In one speci¬ 
men the large hooks range in 
length from 135m to 144m and 
the small hooks from 90m to 95 m- 
In another specimen the fol¬ 
lowing measurements of the in¬ 
dividual large hooks were made: 

144m> 135m? 135m? 139m; and in 
the same specimen the follow¬ 
ing measurements of the lengths 
of the small hooks were made: 

95m> 9 On , S 1m? 9 on , 90m, 95jlc. 

In still another specimen four 
large hooks were 135m long, one 
was 138m? another 140m, another 
144 m, and one 148m- Small 
hooks in the same specimen 
showed the following lengths: Two, 90m; three, 95m; two, 99m; one, 
108m; and one, 118m. The extremes are 135m to 148m for large hooks 
and 81m to 118m for small hooks. 

The large hooks (fig. 4) have a blade of moderate curvature, a 
short thick handle, sinuous in outline and distinctly marked off at 
the point of union with the blade by a curvature, the convexity of 
the curve being ventral. The guard is short, thick, and bluntly 
rounded. The small hooks (fig. 4) have a blade of from moderate 
to strong curvature, a short, thick, blunt handle, and a guard 
resembling that of the large hooks. 


- 



Fig. 2 .—A cluster consisting of two large and several 
smaller bladder worms, inost of the heads being 
evaginated. Enlarged 



Fig. 3.—Bladder worms with evaginated heads. En¬ 
larged 



KNOWN SPECIES OP MULTICEPS 

In recent years Railliet and Mouquet (7) and Joyeux (3) have 
summarized the known species of Multieeps, a total of 12 species 
being referred to that genus as follows: (1) M. multieeps (Leske, 
1780), the intermediate (coenurus) stage of which occurs in the brain 
and spinal cord of sheep and other herbivores and the adult stage in 
dogs. Records of the occurrence of the larval stage of this tapeworm 
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in a hog and in man have also been published. (2) M. serialis (P. 
Gervais, 1847), the larval form occurring in subcutaneous and in 
intermuscular tissue of various Leporidae and other rodents, the 
adult stage in dogs. (3) M. lemuris (Cobbold, 1861), the larval 
form occurring in the liver, lungs, and pleura of Lemur catta, the 
adult stage being unknown. The host of this parasite has been 
referred to as Lemur macaco. Eailliet and Mouquet (7) have shown 
that the specific name of the host is L. catta. (4) M. polytuberculosus 
(M6gnin, 1879), the larval form occurring in a rodent ( Jaculus 
jaculus) according to Eailliet and Mouquet (7). (5) M. brauni 

(Setti, 1897), the adult stage occurring in the dog, and the larval 
form occurring under the skin of a mouse ( Gerbulus pyramidum), 
according to von Linstow ( 5 ). (6) M. glomeratus Eailliet and Henry, 

1915, the larval form occurring in the abdominal cavity of a mouse 
GerbiUus hirtipes ), the adult stage being unknown. (7) M. spalacis 
(Diesing, 1863), the larval form occurring in Georhychus capensis, the 
adult form being unknown. (8) M. gaigeri Hall, 1916, the larval 
form occurring under the skin, in the intermuscular tissue on the 
viscera, and in the central nervous system of the goat ( Capra hircus), 
the adult stage occurring in the dog. (9) M. ramosus Eailliet and 
Marullaz, 1919, the larval form occurring in subcutaneous tissue of 
the perineum of Gynomolgus ( Macsacu) sinicus, the adult stage being 
unknown. (10) A somewhat doubtful form, M. (?) ovis tragelaphi 
(Cobbold, 1861), the larval form occurring in Ovis tragelaphus and, 
according to Meggitt (6), in Ammotragus lervia, the adult being 
unknown. (11) M. clavifer Eailliet and Mouquet, 1919, the larval 
form occurring in a rodent ( Myopotamus coypus), the adult stage 
being unknown. To the above species must be added (12) Multiceps 
radians Joyeux, Eichet, and Schulmann 1922 (4), the larval form 
occurring in a white mouse, the adult stage being unknown. 

As regards the size of the hooks, the coenurus from the baboon 
which is described in this paper corresponds to Coenurus ( Multiceps ) 
serialis. The only other species to which it may possibly correspond 
on the basis of the size and number of hooks is Multiceps brauni. 
The latter species has large hooks ranging from 130m to 140m long, occa¬ 
sionally only 95m to 100m long, and small hooks ranging from 85m to 90m, 
occasionally only 70m to 75m long, these measurements being based on 
the adult stage. Both the large and the small hooks of the specimen 
from the baboon exceed these measurements. According to Hall (#), 
the guard of the large and small hooks of M. brauni tends to be bifid, 
a character not observed in the present writer’s specimens from the 
baboon. So far as concerns the morphology of the hooks, which 
constitutes the best character on which to base a determination of a 
larval taenioid tapeworm, the specimens from Theropithecus obscurus 
appears to agree with those of Multiceps serialis. 

EXPERIMENTAL TRANSMISSION OP THE COENURUS FROM 
THEROPITHECUS TO DOGS - 

In order to.determine the adult stage of the tapeworm in question 
feeding experiments were performed and the results noted in each 
follow TheSe results ’ briefl y summarized in a previous paper (8), 
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EXPERIMENT 3 

On April 8, 1925, dog 868 was fed one large cyst containing several 
heads. A fecal examination of this dog prior to feeding the bladder 
worm yielded the following results: Ova of Toxascaris, Dipylidium, 
and Trichuris present. The dog died April 29, 21 days after "the cyst 
had been fed. The following parasites were removed from the dog 
at necropsy: Toxascaris Ihnbata , Trichuris vulpis, Dipylidium caninum , 
and four small taenioid tapeworms (Multiceps). The total length of 
each tapeworm before fixation was ascertained to be 9.2 cm,, 7.7 cm., 
4.4 cm., and 2.3 cm., respectively. The head characters of these 
tapeworms were identical with those of the larval forms which were 
fed to the dog. The following are the detailed measurements of one 
specimen: Total length after fixation, 7.2 cm.; total number of hooks, 
32; diameter of head, 732/*; diameter of rostellum, 270/*; large hooks, 
144/* to 149/* long; small hooks, 90/* to 95/* long. A short distance 
below the neck the segments are 72/* long by 666/* wide; from this 
point the segments gradually increase in length to 144/* without any 
appreciable increase in width. Segments 306/* to 324 p long are about 
864/* wide; segments 918/* long are 1.2 mm. wide and show the pres¬ 
ence of testes. 

EXPERIMENT 2 

Dog 890 w T as fed several bladder worms on April 8, 1925, con¬ 
taining a total of about 15 heads. This dog was not examined for 
parasites before feeding, but several days after feeding an examina¬ 
tion was made and the following parasite ova were found: Toxascaris, 
Dipylidium, and Taenia. The dog was killed on June 6, 1925, 
approximately two months after experimental feeding. In addition 
to Toxascaris limbata , Dipylidium caninum , and Taenia pisiformis , 
the dog contained about a dozen specimens of Multiceps. Two 
specimens of the last-named species were examined and the total 
number of hooks found were 30 and 32, respectively. The large hooks 
were 145/* to 153/* long; the small hooks from 90/* to 95/*. The 
suckers are from 235/* to 252/* in diameter. 

EXPERIMENT 3 

Dog 918 was fed several bladder worms on April 11 , 1925. Fecal 
examination of this dog prior to feeding showed the presence of 
numerous Belascaris ova. On May 25, approximately six w T eeks after 
experimental feeding, several tapeworm proglottids and one head 
were found in the feces of this dog. The hooks corresponded in size 
and number to those of the bladder worms fed. On June 1 , 1925, 
about seven weeks after experimental feeding, proglottids containing 
eggs vrere found in the feces of this dog. Two days later additional 
proglottids containing eggs were found in the feces. This dog died 
on June 14, 1925, but was accidentally disposed of without being 
examined. 

EXPERIMENT 4 

Dog 919 was fed several bladder worms on April 11, 1925. A fecal 
examination two days later show r ed the presence of Ancyiostoma and 
Trichuris ova. On May 8, 1925, approximately four weeks after 
feeding, the dog was killed. Post-mortem examination revealed the 
presence of the following parasites: Trichuris vulpis , Dipylidium 
caninum , Anchylostoma caninum , and 15 taenioid tapeworms (Multi- 
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ceps) with heads. One of the tapeworms was found in the duodenum, 
the remaining specimens being found in the jejunum and ileum, the 
latter portion of the intestine containing fewer tapeworms than the 
former. Several of the tapeworm heads from this dog were examined 
and they corresponded morphologically to those recovered in the 
pi'evious feeding experiments described above. 

EXPERIMENT 5 

On April 7, 1925, several bladder worms each containing two or 
more heads were fed to a cat. This animal was kept under observa¬ 
tion for more than two months during which period its feces was 
examined from time to time for proglottids and for ova but with 
negative results. 

MORPHOLOGY OF TAPEWORMS EXPERIMENTALLY REARED IN 
DOGS AS A RESULT OF FEEDING THEM COENURI FROM 
THEROPITHECUS 

The head of the tapeworm is more or less quadrangular when 
viewed en face (fig. 5), its diameter varying from about 738m to 

slightly over 1 mm. Therosteilum 
is from 270m to about 360m in diam¬ 
eter, bearing a double crown of 
from 28 to 32 hooks. The large 
hooks (fig. 6, A and D) are from 
144m to 153m long- The blade is of 
moderate curvature; the handle is 
somewhat sinuous in outline, rather 
short, and of varying shape and 
diameter. In some of the large 
hooks the handle is slightly taper¬ 
ing, in others it ends bluntly. The 
handle of practically all the large 
hooks that were examined showed 
a tendency to turn dorsally at the 
distal extremity. The guard is 
short, its distal extremity being 
blunt in some specimens and some¬ 
what tapering in others. Thesmall 
hooks (fig. 6, B and C) are from 90m 
to 103m long. The blade is of mod¬ 
erate curvature. The handle is 
short and thick. In some speci- 
_ ^ mens the handle shows a slight 

/oofj I curvature, the convexity of the 

' curve being ventral; in other speei- 

Fw - M " Wcm mens this curvature appears to be 

absent. The guard is short and 
thick, its distal extremity being more or less pointed. The suckers 
are about 270m in diameter. The entire strobila is from 29 to 48 cm. 
long. The neck is very distinct. The mature segments (figs. 7 and 
8) are wider than long, about 2 mm. long by about 3 mm. wide. The 
gravid segments are longer than wide, usually 7 or 8 mm. long, occa¬ 
sionally about 10 mm. long by 3 to 4 mm. wide. The entire strobila 
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is very dense and opaque. The genital pores are irregularly alternate. 
The genital papilla is very prominent, being situated in the middle of, 
or, more usually, somewhat posterior to the middle of the segment. 


MALE GENITALIA 


In immature specimens the testes do not extend to the field of the 
median stem of the uterus, but in fully mature specimens the testes 
spread to this field (figs. 7 and 8) and extend close to the margin of 
the vagina and the vas deferens. The testes also extend to the 
margin of the ovaries and 


posteriorly beyond the 
ovaries to the vitellarium, 
but not behind the vitel¬ 
larium. The vas deferens 
originates at some dis¬ 
tance from the median 
uterine stem on the pore 
side of the proglottid. 
The cirrus pouch is trans¬ 
versely elongated and 
narrow. 

FEMALE GENITALIA 

In some segments the 
ovaries are only slightly 
dissimilar in size; in other 
specimens there is a 






SQjli 



FR5.fi. 


-Large and small hooks of strobilate tapeworm, Mult ice ps 
serialis var. theropithea. Enlarged 


marked difference in size between the two ovaries. The vitellarium is 
elongated along the transverse axis of the segment . In some specimens 
it does not extend laterally as far as the margins of the ovary; in other 
specimens it reaches the margins. In some segments (fig. 8) the vagina 



Fig. 7. —Sexually mature segment of Multiceps serialis Fig. 8.— -Sexually mature segment of Mvlticcps 
var. theropiiheci. Enlarged serialis var. theropiiheci. Enlarged 


shows no loop and is practically straight; in other segments (fig. 7) it 
is somewhat sinuous in the region of the excretory canal, and a more 
marked loop than that shown in Figure 7 was observed in a number of seg¬ 
ments. The gravid segments show a median uterine stem withnumerous 
branches and subbranches, making an actual count difficult. The 
eggs are variable in size, ranging from 25 n to 42^ in diameter. 
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The morphology of the aclult tapeworm corresponds closely to 
Hall's (2) description of Multi ceps serialis. From the description of 
J/. serialis as given by Hall and from an actual study of specimens 
of that species, no constant characters have been found that would 
serve to differentiate this worm from the form from the baboon, which 
w'as experimentally reared in four dogs. 

EXPERIMENTS ON THE ATTEMPTED TRANSMISSION OF THE 

HEXACANTH EMBRYOS TO VARIOUS EXPERIMENTAL ANIMALS 

In order to obtain additional evidence that would throw light on the 
specific identity of this tapeworm, the following experiments were 
performed: 

EXPERIMENT 6 

Tv t o gravid proglottids from dog 918 were fed to each of two 
rabbits on June 1 , 1925. One rabbit died on July 6 , 1925. Post¬ 
mortem examination showed no evidence of infestation with larval 
tapeworms. The second rabbit was killed a month later, and the 
results ’were likewise negative. 

EXPERIMENT 7 

On June 4, 1925, a gravid segment from dog 918 was fed to a guinea 
pig which w'as killed within tw T o months. The results w 7 ere negative. 

EXPERIMENT 8 

A ripe proglottid from dog 918 was chopped up and fed on bread 
to three white mice. The mice w T ere killed six weeks later and showed 
no evidence of infestation with larval tapeworms. 

EXPERIMENT 9 

On June 13, 1925, one gravid segment from dog 918 was fed to 
each of two guinea pigs and one gravid segment from the same dog 
was fed to one rabbit. The guinea pigs were killed two months later 
and the rabbit six months later. The results were negative. 

EXPERIMENT 10 

On June 24, 1925, each of two rabbits was fed one gravid segment 
from dog 890 and each of three guinea pigs was fed one-half gravid 
segment from the same dog. Chopped up gravid proglottids from 
this dog were also fed on bread on the same day to six rats. These 
animals were kept for about six months. Post-mortem examinations 
were negative. 

EXPERIMENT 11 

Two gravid segments from dog 890 were fed to each of two lambs 
on June 23, 1925. One lamb was accidentally disposed of so that no 
post-mortem examination was made. The second lamb was killed 
about five months after feeding and the results were negative. 

DISCUSSION 

The failure to rear the larval stage of this tapeworm in rabbits 
throws some doubt on the biological identity of the worm with 
Multiceps serialis , since the rabbit is the normal intermediate host 
of this species of tapeworm. While the worm from Theropithecus 
is morphologically related to, if not identical with, M. serialis it 
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appears to be biologically distinct, as far as can be judged by the 
results ^ of feeding experiments described in this paper. While 
admitting the soundness of the proposition that zoological species 
should be based on morphological characters, it is important in the 
case of parasites to take cognizance of biological differences as evi¬ 
denced by host relationship/and on the ground of an apparent 
biological distinction between Jf. serialis and the form discussed 
in this paper, the writer is inclined to regard the species from Thero- 
pithecus experimentally reared in dogs as a variety of M. serialis , for 
which the name Multiceps serialis var. theropitheci is proposed. 
Assuming that the two forms are morphologically identical, it may 
be suggested as an interesting speculation that in adapting them¬ 
selves to new and unusual hosts parasites may undergo profound 
changes in their physiological organization without any apparent corre¬ 
sponding morphological modifications, and that such physiological 
species probably constitute the starting point which may ultimately 
lead to a definite morphological deviation from the parent species. 
An apparent plrysiological differentiation appears to have occurred 
in genera of parasitic mites such as Sarcoptes, Psoroptes, Chorioptes, 
and Notoedres, as some species of these genera from different hosts 
appear to be morphologically identical but are apparently more or 
less restricted to their host species. Among nematodes the case of 
Ascaris lumbricoides is of special interest in this connection. Although 
the human and swine Ascaris appear to be morphologically indistin¬ 
guishable, considerable experimental and epidemiological evidence 
has been accumulated in recent years which shows that the form 
from the human host does not reach fertile maturity in the pig and 
vice versa. A similar case is that of the hookworm Necator ameri- 
canus which occurs in human beings with a very similar form occur¬ 
ring in the pig, those from the latter host having been described as 
N. suillus . The two forms are very closely related and morphologi¬ 
cally very similar. Attempts on the part of various workers to 
transmit experimentally N. americanus of human origin to pigs have 
invariably yielded negative results. 

A similar host parasite relationship appears to hold true in certain 
plant parasitic nematodes, and this subject has been recently sum¬ 
marized by Steiner (9) as follows: 

A plant-parasitic nema apparently prefers always the host species or even the 
host variety on which its parents lived; the host principle, as established by 
Hopkins for insects, is also applicable to our plant-parasitic neznas. 

This preference for a certain host grows with the number of generations a nema 
population lives on it, the latter getting more and more specialized on this very 
host. This specialization may reach such a high degree that finally even new 
hosts of the closest taxonomieal, physiological and chemical relationship to the 
old host are attacked no more or very lightly. 

In the case of the species discussed in this paper, Multiceps serialis 
var. theropitheci , the host relationship is one that involves the larval 
stage only, the adult host being the same as that of M . serialis. . The 
apparent intermediate host specificity of M. serialis var. theropitheci 
is correlated in this particular case with a larger cyst which has a more 
complex mode of branching than has been previously observed for 
M . serialis . 
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SUMMARY 

A large subcutaneous cyst from a baboon ( Theropithecus oiscurus) is 
described in this paper as due to larval cestodes belonging to the genus 
Multiceps. A comparison of the hooks and of other morphological 
characters of this species of Multiceps#with the other known species 
of the genus shows that the form from Theropithecus is closely 
related to, if not identical with, Multiceps serialis . 

As a result of feeding one or more bladder worms (coenuri) to each 
of four dogs, the adult tapeworm was experimentally reared in these 
animals and its morphological organization was found to be similar 
to, if not identical with, that of Multiceps serialis. Owing, however, 
to a failure to develop the larval stage of the tapeworm irf rabbits as 
a result of feeding them gravid proglottids of the tapeworms experi¬ 
mentally reared in dogs, the specific identity of the worm is open to 
question and in order to avoid confusion it is given varietal rank, the 
name Multiceps serialis var. theropitheci being proposed for it. 

It is suggested that Multiceps serialis var. theropitheci probably 
represents a physiological species that has become adapted to a new 
intermediate host. The possibility that such host adaptations may 
ultimately lead to species differentiation among parasites appears to 
be indicated as a possibility, 
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STUDIES OF THE PHYSIOLOGICAL ANATOMY OF THE 

STRAWBERRY 1 

By Philip R. White 2 

Microscopic Technician, Office of Horticulture , Bureau of Plant Industry , United 
States Department of Agriculture 

INTRODUCTION 

The material herewith presented is the result of a study of the 
physiological anatomy of the strawberry (Fragaria spp.) undertaken 
in connection with the work in breeding this genus which is being 
carried on by George M. D arrow, of the Bureau of Plant Industry, 
The present paper is based on the anatomy of the varieties known as 
“Howard 17” and “Progressive” (both probably descended from 
crosses between Fragaria efiloensis and F. virginiana), supplemented as 
regards certain features particularly pertinent to the problems in mind, 
by comparison with eight other characteristic species and varieties. 

Some of the specific questions which have presented themselves for 
consideration are: (1) The runner being such a slender, flexible, 
exposed organ, what are the structural features which enable it to 
carry sufficient water and nutrients for the maintenance of many 
runner plants with their large leaf areas before these have estab¬ 
lished direct contact with the soil? (2) How long is a runner morpho¬ 
logically; is it composed of one, two. or several internodes? (3) Why 
does the first runner from a runner plant develop so much more rapidly 
than do the later ones? (4) Why are plants having only the large, 
white roots, so commonly observed, less likely to succeed on trans¬ 
plantation than those without such roots? (5) What is the structure 
which enables water and nutrients to move freely from one side of 
the plant to the other? 

Except for the incidental references contained in the general works 
of Gerard (2) z Reinke (4), Trecul (7), Solereder (5), and Van Tieghem 
and Douliot ( 8 ), no information concerning the anatomy of the straw¬ 
berry is available, as far as could be learned. 

MATERIALS AND METHODS 

The plants used in these studies were obtained from the breeding 
plots of the Bureau of Plant Industry at the Bell Horticultural Field 
Station at Glenn Dale, Md., and the preparations were made in the 
botanical laboratories of Johns Hopkins University at Baltimore, 
Most of the sections and other preparations were made from plants 
collected in early November and fixed in medium chromacetic fixative. 
These were supplemented with fresh materials for dissection and for 

* Received for publication Oct. 14,1926; issued November, 1927. ^ 

2 Acknowledgment Is given to those who have aided in this work, particularly to George M. narrow 
for the original problem and to D. S. Johnson, professor of botany in Johns Hopkins University, for the 
freedom of the Johns Hopkins botanical laboratory, for valuable suggestions in the conduct of the investi¬ 
gation, and for help in correcting the manuscript, 
a Reference is made by number (italic) to ** Literature cited/* p. 492. 
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sectioning on the freezing microtome, collected from time to time at 
the same station. 

A number of stains were tried and Ehrlich’s haematoxylm was 
finally chosen. In addition, some root sections were stained in Hai- 
denhain’s and Delafield’s haematoxylins, methylene blue, and 
Flemming’s triple stains, and some small tissue fragments in safranine- 
malachite green. Ehrlich’s haematoxylin did not give a very satis¬ 
factory stain, apparently because of the large amounts of tannin and 
free acids present in the' material, but it gave better results than any 
other stain tried. At first it was thought that the difficulty was due 
to the fact that the chromic acid of the fixative was insufficiently 
washed out, although material was washed for 48 hours in running 
water. It was found, however, that sections cut from living material 
on the freezing microtome gave similar results. Hence, it was con¬ 
cluded that the trouble lay in the material itself and not in the treat¬ 
ment. Great difficulty "was encountered in cutting embedded 
material owing to the presence of large numbers of crystals, pre¬ 
sumably of calcium oxalate, in the parenchyma of both the crown and 
the veins of the leaf; to the great lignification of the vascular elements, 
particularly in the fibrous roots; to the abundance on the above¬ 
ground portions of greatly thickened, probably silicified hairs (pi. 1, 
C and D, and pi. 2, D); and to the difficulty in removing all sand 
lodged between the closely packed adventive roots. The series from 
which the leaf traces and much of the crown anatomy were studied 
were therefore treated for 48 hours in 52 per cent hydrofluoric acid 
and infiltrated by very gradual steps either in celloidin or paraffin. 
Paraffin sections of crown vascular elements were cut 3/j. in thickness; 
roots, runners, leaves, etc., 7y.] sections in paraffin for the gross 
anatomy of the crown, 15^; and celloidin series for reconstruction, 
40/u. Series of crowns more than 2 years old have not yet been 
obtained, this being left for future work. Satisfactory “dissections” 
of whole crowns have been obtained by boiling in caustic solution 
and later washing away the parenchyma with a jet of water. 

THE RUNNER 

In commercial propagation the vast majority of strawberry plants 
come from runners and not from seed. The “runner” is a very 
much elongated diageotropic 4 stem and can easily be distinguished 
from the large adventive roots by its hollow cylinder of vascular 
tissue, which is covered by a thick layer of cortex and which sur¬ 
rounds a very large parenchymatous medulla. (Fig. 1.) The vas¬ 
cular cylinder has an extensive primary xylem composed of exceed¬ 
ingly large vessels arranged in distinct but closely approximated 
bundles. Each of these bundles is made up of wedges of primary 
xylem separated by quite irregular medullary rays of one to four 
cells in tangential thickness. (PL 3, E.) This primary xylem is 
the chief functional portion of the xylem throughout the compara¬ 
tively short life of the runner. Outside this in old runners is found 
a considerable amount of secondary xylem made up of much smaller, 
more heavily lignified tracheids. The whole is admirably adapted 

4 The physiological reactions of these runners have not been studied as yet, as far as is known. It is 
therefore uncertain whether the horizontal position is merely due to the runner being too weak anatomi¬ 
cally to support itself m an erect position or whether it is the resist of m active tropism. 
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for carrying the large amounts of food and water required for the 
complete establishment of the daughter plant. The medulla is 
made up of large, loosely packed, thin-walled cells quite different 
from the storage pith of the crown. The phloem is well developed. 
(PL 3, E.) The outer portion of the pericycle of the runner (pi. 3, 
cy shows a less extensive tangential multiplication than is charac¬ 
teristic of that of the adventive roots and of the crown proper. 

The runner has greatly elongated internodes which are covered 
with short unicellular hairs interspersed with numerous multicellular 
glandular ones. The first node bears a solitary leaf which often re¬ 
mains rudimentary. Each such leaf has in its axil a bud potentially 
capable of development as a runner or crown. The arrangement of 
bundles is particularly clear at the nodes of a runner. The base of 
the leaf encircles the 
stem in an oblique spiral, 
one stipule being much 
shorter than the other. 

The three bundle traces 
(fig. 1) are located at 
about equal distances 
from each other around 
the stem. The middle 
one rises highest; the 
right-hand one is usually 
somewhat lower down, 
and the left-hand one is 
lowest of all. This order 
is characteristic of the 
leaf traces thoughout the 
entire plant. Where the 
nodes are close together 
the first indication of 
separation of the traces for the next higher leaf can be observed, 
one close to each of the traces here mentioned (fig. 1), but the cylinder 
is broken only for a short distance, the leaf-bundle gap formed being 
quite short. The two lateral leaf traces swing toward the central 
one ill the petiole sheath, and from them arise the several stipular 
bundles. 

After the runner has grown diagetropically for several centimeters 
its tip becomes negatively geotropic, turning up just beyond the 
second node and undergoing great thickening. It also puts forth 
adventive roots, and thus soon becomes established as a daughter 
crown. 

The leaf which subtends each such crown remains attached often 
until its base is completely buried in the cortical parenchyma of crown 
and root. Its axillary bud sometimes remains dormant and is like¬ 
wise buried with it*in the parenchyma of the daughter crown. 
More often, however, this axillary bud continues to develop as a new 
runner. Since the growing tip of the primary runner, now that of 
the crown, has turned upward (pL 1, B), the tip of this secondary ru*n- 

s Van Tieghem and Douliot (8) state that m the strawberry the pericycle of the roots may be of two or 
three layers, but that the innermost layers of the cortex undergo proliferation to form a periderm.^ They 
figure the endodermis as lying between two series of rectangular cells. What is termed pericycle in the 
present paper has not been tested microchemically for cutin, but there is no appearance of a distinct layer 
where, wonting to these writers, the endodermis should lie. 



Fig. 1—Transverse section of a runner near the node. The 
bundle at X is the median leaf trace of the leaf next above the 
position of this section. The xylem is well developed. X 80 
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nerhas all the appearance of being a continuation of the parent one. 
This appearance is enhanced by an anatomical peculiarity. . The 
central trace of the leaf does not separate from the vascular cylinder 
of the runner below the origin of the bud, but remains as part of the 

continuous cylinder well up on 
mJ £^Gro iW9 the outer side of the axillary 

£vc/ bud, above its insertion into 
A —\ Joytofe of the base of the crown. A lon- 

v Runner /eaS gitudinal section of the runner 

Pig. 2— Longitudinal section of the vascular system of the at this point through the 


Pig. 2— Longitudinal section of the vascular system of the at tniS point tniOUgll tile 

tip of a runner, showing relation of crown, subtending mpdism Ipaf trane would thpre- 
bud, and leaf The median traceof the leaf arises from uieuiau ieai tiate wuuiu uieie 

the bud as if froma primary axis The position of the tore Show the leat apparently 
iateral traces (figs. Sand 4j slums the crown to be the „ • ■ « -f* + -u* -l,, J « 

true primary axis, the bud being axillary RllSing II Om this bud as II OHl a 

main axis. (Fig. 2.) It is only 
the insertion of the other two traces into the daughter crown that 
proves this bud to he really an axillary and not a terminal one, 
(Figs. 3 and 4.) 

THE ROOTS 

The primary runner does not give off roots below the leaf subtend¬ 
ing the secondary runner. These arise solely from the crown proper. 
The vascular system of the very base 
of the crown is a continuous inverted i 

cone broken only by the two lateral \ /] >/ 

leaf traces and, in those cases where a 
secondary runner develops, by the 
branch trace leading to it. (PL 3, D.) 5 

If the axillary bud remains dormant, ^—— - 

no branch trace is formed above it in Fig. 3.—Longitudinal section of the vascular 
fV|p tyi atnFino* uflQpiilsiT* pptip Tf how- system of the tip of a runner, showing a 

rne maturing vascuiai cone. ±i, now- lateral trace arising from the crown 
ever, this bud continues growth, as 

often happens, a decided gap is formed in the vascular cone of the 
crown. This gap does not, however, extend far up the crown. The 
adventive roots arise directly from the pericycle just outside the 

surface of this vascular cone, or in older 
J) crowns from just outside its ramified vas- 

\f cular strands. They arise by tangential 

\ division of the cells of the multiple pericycle, 

V —accompanied by a differentiation of the 
/ V tissues intervening between this and the vas- 

l m \ cular elements of the crown, into xylem and 

, y' ’ ’%. phloem elements. The root trace leaves no 

/ X) opening in the parent cone. The contact is 

w < ) / made by individual groups of xylem cells of 

/ r the crown. These roots are established on 

the younger portion of the crown, which, 
V) while its vascular system has a certain 

Fig. 4 .— Diagrammatic represent* amount of mature xylem, is by no means 
tion of the arrangement of the three completely formed. In most cases these roots 
traces of the leaf which subtends a J j j , i • i 

runner crown do not undergo secondary thickening, and 

hence their xylem elements do not connect 
with the later secondary xylem developed by the crown. Sometimes, 
however, the ropts do become secondarily thickened. In such cases, as 
new xylem is laid down by the parent cylirtderof the crown it is formed 




A. —Dissection of old crown to show the vascular skeleton The basal cone has been cut 
away and the youngest portions dissolved, leaving only the mature secondary xylem. Note 
spiral arrangement of the three main strands which are tied across by numerous narrower bands. 
'Ihe latter are also spirally placed but in the opposite turn. X 3.75 

B. —Runner tip with the beginning of a new crown, before the formation of roots. The 
terminal bud has turned upward. Note the re flexed nodal leaf from the axil of which the runner 
will be cont nued. X 2 H 

C. —Longitudinal section of hairs from the upper part of the crown. The bases of the hairs 
are deeply embedded in the outer layer of cortical parenchyma. X 375 

D. —The same with accompanying multicellular glandular hairs. X 750 






mm 


xm° W& Xy,em Strand ' showing thc Bmmlar (a) and spiral 
.?,* Kadial longitudinal section of a crown, showing a leaf*trace gap. The vascular tissue 
of the crown is broken off squarely above the gap. X 88 1 

se * c 1L on of » crown, showing a branch gap. The vascular cylinder 
of t|ie crown is broken only at the center of the daughter cylinder, no external gap being formed. 
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A .—Longitudinal section of a crown, showing connection of the various tissues of a young 
adventive root with those of the crown a, Xylem; b , cambium; e, phloem; <Z, pericycle. Note 
particularly the cont nuation of the many-layered pericycle of the crown into the root. X 125 
B —Section as above but showing particularly the phloem (a). X 125 
C—Transverse section of runner, showing the many-layered pericycle or periderm. Note 
the large cells of the evtrapericyclic cortex above. The parenchyma between the pericycle 
and the phloem is made up of much smaller cells X 250 

D. —The vascular system of the base of a young crown prepared by maceration. The photo¬ 
graph is taken from below' The parent runner is at a and the secondary runner at b , Note 
the bundle gap (c) of the medium bundle of the leaf subtending the secondary runner. The 
runner or branch gap (d) above is noticeably small in spite of the considerable development 
of the runner. Adventive roots are to be seen at the sides. The gap at e is probably that of 
one of the lateral bundles of the leaf. X V 2 

E. —Transverse section of the vascular tissue of a runner, showing primary (a) and secondary 
(b) xylem, cambium (c), and phloem (ri). Note the size of the conducting vessels in the primary 
xylem. X 250 




Plate 4 


^;V*7 1 Tra ^nu erse seeiipri of adventive root having an apparently polyareh stele and large 
medulla. The section is taken just at the level of the phloem in the crown so that the perieycle 

IS HOt VI SID IQ. X 175 

B. Transverse section of an irregularly pentarch root, showing the formation of an inter¬ 
fascicular cambium initiating secondary thickening. Note that here the cells of the medulla 
are also thickened to form a pseudovascular stele. These cells are, however, not sreatlv 
elongated as are the cells at the center of the steles of the fibrous lateral roots. Such cases are 
rare. X 1/5 

C. —Longitudinal section of the growing point of an adventive root. The various elements 
C° n >< 7o gm t0 dlfferentlate untd well hack of the growing point. Compare with Plate 5, 

I> .—Transverse section of an adventive root taken just back of the growing point. The stele is 
here pentarch from the beginning. X 350 

rr?*“* T i ra ? s ! erse ! ro !? an °} der , simiJa r root taken near its insertion into the crown. 

The stele is hexareh. Note the multiple perieycle and the relatively distant phloem strands. 
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chiefly above the root and is connected to its secondary xylem. A 
thin area is thus left in the vascular cylinder of the crown just below 
the point of origin of the root. These areas are never large and 
appear to occur only below secondarily thickened roots. 

These adventive roots, which give rise to the entire root system of 
all except seedling plants, arise apparently from any part of the central 
cylinder of the crown, and are very often found actually pushing 
through the bases of still functioning leaves. Van Tieghem ana 
Douliot (8) state that these roots can arise only at the two sides of a 
median leaf trace. The xylem strand is already differentiated before 
the root has pushed out through the cortex of the crown. (PL 3, 
A and B.) Once established, however, it pushes out very rapidly, 
its tissues maturing slowly so that the vascular elements beyond the 
surface of the parent crown are not differentiated until the root has 
attained almost its full diameter. (PL 4, C.) The vascular strands 
are therefore widely separated. Thestelarplan of theseroots appears 
to be exceedingly varied. It is either tetrarch, pentarch (pi. 4, D), 
hexarch (pi. 4, E), or in a few cases, apparently poly arch (pi. 4, A). 
No actual transition between these types has been observed, but from 
the differences noted in different sections of a single root it seems 
possible that they may sometimes change from one to another in the 
same root. It is, however, perhaps significant that both tetrarch and 
pentarch steles have been found at the first visible differentiation 
behind the growing point. Hence, steles of more than four strands 
do not necessarily arise by transition from this type, but apparently 
are formed as such from the beginning. The steles of these roots 
(at least in the material at hand) are never heavily lignified. 6 The 
phloem is well developed (pi. 4, E) and the pericycle usually many 
layered (pi. 4, E). The endodermis is distinguishable only in the 
very early stages. (See footnote 5.) Transition to a cylindrical 
stele by the formation of an interfascicular cambium does occur, but 
it is not the rule. (Pl. 4,B.) The cortical and medullary parenchyma 
are extensive but thin walled, and are usually almost devoid of stored 
starch or other observable materials. There are, in the older por¬ 
tions, large numbers of cells filled with what appears to be tannin. 
(Pl. 4, B.) The contents of these have not yet been tested micro- 
chemically, however, so that their exact nature is uncertain. 

These adventive roots push out very rapidly and, as is shown by 
examination of the root systems in older plants, may reach a length 
of 4 or 5 inches. (Pl. 6.) Darrow has found instances in which 
these roots developed to a length of 10 inches without branch or 
taper. He also reports cases in which such roots bore root hairs 
throughout their entire length. Such cases have, however, not 
occurred in the material examined in this study. In*the writer’s 
material they do not appear to form root hairs themselves but give 
rise to lateral branch roots which are the true absorptive organs. 

These secondary roots differ markedly from the parent roots. 
Their mode of origin is essentially that described by Van Tieghem 
and Douliot (8) for rootlets of Fragaria. They have, however, a 
decidedly different stelar plan from the parent type. The primary 

6 a few cases of development of interfascicular cambium have been observed in which secondary thick¬ 
ening took place. Such secondary thickening was accompanied by a lignifieation of the medullary paren¬ 
chyma cells to form a pseudovascular stele. These cells, however, were not elongated and were unmis- 
• takably different, from the central vascular strands of the fibrous roots. (See pi. 4, B.) 
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vascular structure is already differeutiatedatapoiEntoloselelimd the 
root apex. The marked thickening ultimately slkrm. by these roots 
is therefore chiefly secondary. It is often possible to distinguish 
the first spirals of vessels in the root at a point less tlaon Its own diam¬ 
eter from the apical meristem, and indeed at a point whicb is still 
covered by the short rootcap. (PL 5, 0.) The- vascuLar bundle in 
these roots varies from a minute strand having a, single large* central 
vessel (fig. 5) which, but for the two lateral rays of soall vessels, one 
on either side, might persuade one that he was dealing •’with a monarch 
stele, through diarch (pi. 5, D) and triarch (pi. 5,E) to the tetrarch 
type (pi. 5, A). No examples of more than four xylemirays'were found 
in these branch roots. The diarch and tetrarch are by far the most 
common. Roots have been examined for this feature* in four species 
and five varieties of Fragaria with like resalts. Tbes e vascular strands 
are heavily lignified and completely fill the een ter of: tine root. (PL 5, 
A.) There is no medulla whatever here, such as is present in the 
adventive roots, and the lignification progresses outlaid until the 

xylem portion of the s tel e consists of a 
solid woody strand. The phloem is well 
developed. (PL 5, A.) Tjhe endodermis, 
unlike that of the parent; root, has greatly 
thickened walls (pi. £, A .and 3)), which 
perhaps serve as a protection, against the 
fungi that are usually present in the 
cortex. The pericycle shows mo tangen¬ 
tial multiplication whatever such as is 
found in the parent type, remaining as a 
single -layer of cells. Outside of the en¬ 
dodermis the cells of the cortex: axe filled 

fig'. 5 .— Transverse section of the stele of with star ck and certain of taem harbor a 
a fibrous root of Fradaria elatior which XUngUS, Which mav t>e of a IllVCOrrhlZal 

^ ch ^lo hasa smBlelarEe ““ character. 7 These root s bear mmerous 

root h airs which are in no way p eculiar. 

These two sets of roots make up the very cxbeinsive and efficient 
absorbing system of the strawberry crown. 

THE CROWN 

The crown is at first a short fusiform body. Jt may later, by 
apical growth, become cylindrical and eventually fork into two or 
more divisions. The subterranean portion is covered with adventive 
roots. Aboveground it is clothed with leaves, thes b ase of each of 
which closely encircles it for some three-fifths of ids circuinference. 
These leaf bases are closely imbricated and are provided with three 
distinct vascular strands each. The stipules are well developed and 
foliaceous. The petiole at its base is semicircular in cross section. 
The phyllotaxy is of the 2/5 type with a very much shortened spiral. 
Nowhere except in the runner does this spiral becomes muicl elongated. 

As the leaves die their bases remain as dry,, blackened scales. 
The three vascular strands persist long after the softer tissues have 
decayed, so that it proved quite easy to work out. tbe overlapping of 



7 White, P. R. mycorbhiza as a possible determining- jactor. in the dis'S'Kir- tjtion of the straw¬ 
berry. [Unpublished manuscript.] 
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these bundles from such plants—much easier, in fact, than from 
serial sections. Working from below upward (figs. 6 and 7), the 
left-hand bundle of leaf No. 4 is just above the median bundle of 
leaf No. 1, while the right-hand bundle of leaf No. 5 lies above and 
on the same orthostichy as these two. The median bundle of leaf 
No. 6 lies directly above but a considerable distance from the median 
bundle of No. 1, so that two consecutive median bundles occupy posi¬ 
tions in the order of imbrication, 2/5 of the stem circumference apart. 
In this way, two turns around the stem and five leaves are required 
between two leaves on the same orthostichy. The leaf traces them¬ 
selves do not leave wide gaps (pi. 2, B), but above the branch trace 
of the axillary bud which is present over each median leaf trace there 
may be left a considerable gap (pi. 2, C), particularly when the bud de¬ 
velops to an inflorescence or a runner. The branch gap often becomes 
completely confluent with that of its subtending median leaf trace. It 
is, however, of later origin, the leaf trace being completely distinct 
before any indication of a branch stele becomes evident. (Fig. 8.) 

These leaf bases, and more particularly the axillary buds and the 
structures subsequently de¬ 
veloped from these, are 
densely covered with long, 
very much thickened, pro¬ 
tective hairs. These hairs 
are unicellular, have a 
smooth outer surface and, 
except for the articulation 
with the stem or leaf sur¬ 
face, have ' a very small 
lumen as compared with 
their diameter. They are, 
however, quite thin walled 
at their bases. They orig¬ 
inate as outgrowths of the 
cells of the epidermis, but 
their bases push inward so 
as to extend a short distance 
beyond the general inner limit of this tissue. (PI. 1, C and D.) Such 
hairs are particularly numerous in the immediate angle between the 
leaf base and the stem, forming a fringe of longer hairs on the stem at 
the line of juncture. They are accompanied by lesser numbers of short, 
apparently glandular hairs, each of which is made up of several short 
cylindrical cells and an enlarged terminal one. (PL 1, D.) These 
glandular hairs may perhaps secrete a volatile oil, though the nature 
of their secretion has not actually been determined. 

Aside from these emergences, the epidermis of the crown is made up 
of cells of four-angled or polygonal outline which show no apparent 
protective modifications. The function of protection is apparently 
entirely relegated to the leaf bases. No indication of suberization or 
cutinization was observed. Van Tieghem and Douliot- (#)_ mention 
“liege ” in speaking of the periderm, but it is uncertain as to just what 
they refer. 

Below the epidermis in all regions of crown and roots there is a con¬ 
siderable primary cortex of large, quite closely packed, parenchyma- 



Fig. 6 —Diagrammatic representation of the arrangement 
of leaf traces. Since the bundles of one leaf do not con¬ 
nect directly into those of another, no representation has 
been made of the mam vascular cylinder of the crown, but 
only of the bundles back to their connection into this 
cylinder 
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tons cells, which in many regions, particularly the older parts of root or 
crown, show reticulate thickenings on the walls similar to those of the 
medulla and of the epidermis of the leaf. (PL 7, A.) No cork 
cambium was seen at any point, though Van Tieghem and Douliot 
(8) mention the occurrence of periderm here; and no bast fibers or 
other supporting tissues are present. In the entire plant, even to the 
leaves, the function of support seems to be served by the tracheids 
alone. Within the cortex, in the stele itself, the pericycle undergoes 
division, forming quite a large ring of thin-walled cells closely resem¬ 
bling those of a cambium. (PI. 7, C.) In the maceration of crowns 

for the study of the vascular system the 
outer tissues peeled off in two layers, the 
first from epidermis to pericycle, the sec¬ 
ond from pericycle to cambium. The 
endodermis is quite indistinguishable ex¬ 
cept in the very early stages before the 
commencement of this division in the 
pericycle. Van Tieghem and Douliot (8) 
figure the endodeimis as in the middle of 
the pericycle-periderm complex, but the 
writer has not been able to distinguish it 
in his material. Within the meristematic 
layers of the pericycle is a narrow region 
of parenchyma of somewhat smaller cells 
than that without. These are in part 
cells of inner layers of the pericycle and 
in part cells of the outer edges of medullary 
rays. The primary phloem strands are 
widely separated. "The secondary phloem 
itself never becomes even a comparatively 
continuous cylinder except for a few 
layers which are broken into wedges sepa¬ 
rated by wide medullary rays. It ap¬ 
pears to be made up of simple, thin-walled 
cells which are somewhat elongated and 
interspersed with very sparse companion 
cells. No sieve plates, either terminal or 
lateral, have been observed in any prepa¬ 
rations, the phloem being distinguishable 
in longitudinal section from the paren¬ 
chyma chiefly by its elongated, oblique- 
ended cells (pi. 7, D) and by its darker 
staining reaction. In a tangential sec¬ 
tion the medullary rays which pierce it are made up of large, thin- 
walled rounded cells accompanied by somewhat smaller cells having 
dense protoplasts and large nuclei like those of the xylem ray shown 
in Plate 7, E. There is no indication of thickening or pitting in ray 
cells. The cambium is of few cells in thickness and of hardly sufficient 
regularity to constitute a definite ring or cylinder. 

The leaf traces, as has been said, overlap in a perfectly regular 
manner. They do not, however, connect definitely with other traces, 
as is true in many herbaceous plants as well as in certain woody ones 
(5), but are fused into what, from its basal condition, we may inter- 
pret as a continuous woody cylinder broken only by the leaf and 



Fig. 7.—Leaf-trace arrangement, semi- 
diagrammatic. The bundle gaps are 
actually much larger than suggested 
by this figure. (See pi. 1, A.) Each 
leaf draws its water from three quite 
distant portions of the crown circum- 
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A. —Transverse section of a fibrous root having a tetrarch stele. The primary and secondary 
xylem are clearlv distinguishable by their staining reaction. Both fascicular and interfascicular 
cambiums are active and the phloem is well developed. The pericycle is unmodified, whereas 
the endodermis is greatly thickened. The innermost cortical layers are filled with tannin. 
Compare with Plate 4, A, D, and E. X 160 

B. —Origin of a branch root from a fibrous root such as that shown in A. X 160 

C. —Longitudinal section of the growing point of a fibrous root. The differentiation of vas¬ 
cular elements takes place very close to the apes. Compare with Plate 4, C. x 160 

I>.—Transverse section of a small fibrous root, showing the diarch stele. The endodermis and 
pericycle contain some tannin. X 320 

E.—Transverse section of a fibrous root having a triarch stele. X 64 
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A—Section of medullary parenchyma showing reticulate thickenings in the walls. Section 

The ttesi^^eare? the*centw of°the crown, where such reticulations are lacking. 

X C—Transverse section of the multiple pericycle of the crown. X250 , 

D-Tangential section of the crown in the region of the phloem, showing the oblique-ended 

M | d “fa4f n Kction ol'Sirxifem ““ y Su of the medullary rays. The rays 
pierci ng the p hloem^are 1 ^S™Tte pores in the traeheids are clearly in the lateral 

walk X 500 






A —Radial section of xylem of the crown, showing a circular pore in the lateral wall of a 
short tracbeid. X 600 

B. —Tangential section of xylem, showing pores. The three pores at a, b, and c connect the 
short tracheids, forming an oblique conducting element. X 600 

C. —Note the area, immediately around the large pore, which is free from pits. Note also the 
scalariform thickenings. X <500 

D. —An elongated pore in the center of the lateral wall of an unusually long tracheid. X 600 

E. —Section showing two pores m the same lateral wall of a tracheid. X 600 

F. —Section showing the relative abundance of these pores. X 600 

G—Rings of bordered pits eneirclmg pores m this manner appear to be very rare. X 600 
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branch gaps. This cylinder is not made up of uniformly longitudinal 
tracheids or tracheae (see footnote 8, p. 490) as are those of most 
woody stems. The strands are not simply parted at the gaps and 
fused again above. Bands in which the tracheids lie, in a tangential 
plane, perpendicular or oblique to the long axis of the plant are the 
rule rather than the exception. (PI. 1, A.) It is only rarely, even 
immediately below a loaf or stem gap, that one obtains true trans¬ 
verse sections of the elements. In many cases narrow bands of xylem 
traverse horizontally what would otherwise be large gaps. (PI. 1, A.) 
A very complex anastomosis thus arises which provides very efficient 
channels for a rapid and uniform distribution of material from any point 
throughout the circumference of the plant. The efficiency of this 
system is still further increased by the presence of large numbers of 
pits or pores similar in form to those found in the end walls of tracheal 
elements of many dicotyledonous plants. These pores are, however, 
found not only in the end walls but also in great numbers in the ra¬ 
dial lateral walls of 
the tracheids, to¬ 
gether with bordered 
or simple pits of the 
ordinary type. (PI. 

7, F.) They have 
not been found in the 
tangential walls of 
these elements. 

These pores are usu¬ 
ally of a diameter of 
about two-thirds 
that of the cell lumen 
and show no trace 
of a middle lamella, 
even in sections cut 
fromliving material. 

(PI. 8, B.) The pores Fin, 8.—Transverse section of entire crown, showing relative propor- 
are IlXOSt CftSGS tions of the tissues. Compare with Figure l (runner). X 10 

quite circular, but the occasional irregularities of outline and the rare 
occurrence of crossbars suggest the possible origin of the large pores 
by the fusion of smaller ones. The rarity of such irregularities and 
the entire absence of definite intermediate stages even in the xylem 
of very young crowns make it seem much more probable that the 
pore is duo to the absence from the first of any secondary deposition 
of material on this area of the cell membrane and a breaking down of 
the middle lamella itself. Each pore is usually found in the center 
of an area of cell wall free from pits (pi. 8, A, C, D, and F), but a few 
cases were observed in which a distinct ring of bordered pits was 
present around such a pore (pi. 8, G). Cells have been found with 
more than one such pore in the same side (pi. 8, E), and others with 
pores in the opposite walls. Long series of cells have also been 
observed, in tangential longitudinal section, where pores in the 
lateral walls connect the whole series into one oblique continuous 
passage. (PL 8, B.) In this way, tangential circulation in the crown 
is not only provided by the peculiar arrangement of the vascular 
strands themselves and by the interweaving of the leaf traces, but a 
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continuous circulatory system is provided, both longitudinally and 
tangentially within each individual xylem strand of the crown. 

The vascular system of the strawberry plant (xylem at least) may 
be compared to a double-walled Sach’s^bell jar, in which universal 
diffusion of fluid materials in all directions is interrupted only by 
the leaf gaps and branch gaps. These pores are found in the xylem 
of all of the older portions of the crown, particularly in the regions 
of root origins. A cursory examination showed them to be present 
in the species Fragaria virginiana , F. chiloensis, F. elatior, F. nilger - 
rensis , and F. vesca horticultural var. Monstrueux Caemeux, and in 
the varieties known as Howard 17, Progressive, Dunlap, Klondike, 
and Rockhill. It is to be presumed, therefore, that this feature is of 
general occurrence throughout the genus. This condition seems 
clearly to explain the physiological phenomenon observed by growers 
that, unlike most plants, injury to or severing of the roots on one 
side of a crown has no more serious effect on that side than on other 
parts of the plant. It can be said without a possibility of doubt 
that no direct connection exists here between individual branch and 
root such as appears, from the work of Auchter (I), to occur in the 
apple. The strawberry plant has one continuous tangentially inter¬ 
locking water-conducting system rather than a group of essentially 
distinct systems. 

As is to be expected in a system with these peculiarities, true 
vessels 8 are not abundant. The tracheids of the xylem are exceed¬ 
ingly short and stout. The primary xylem, it is true, is made up of 
a few large annular vessels and some spiral ones (pi. 2, A) which are 
quite long. Such vessels, however, appear to be present only in the 
primary xylem. When secondary xylem is laid down, it is in the form 
of short tracheids only. No true vessels are formed. The pitting 
varies with the position of the elements from the simple scalariform 
reticulations of the earliest portions to the complex bordered pits with 
narrow, oblique slit openings of the mature type. All gradations 
exist between these two. The medullary rays, like those of the 
phloem, are but few cells thick in longitudinal and tangential dimen¬ 
sions, but the cells are quite large. They appear not to be provided 
with pits of any kind. (PL 7, E.) 

Within the xylem the central medulla is made up of large cells. 
The walls of these show distinct reticulate thickenings leaving irregular 
pits between. (PI. 7, A and B.) These pits become more prominent 
from the center of the medulla outward, suggesting that they may 
possibly serve to allow movement of stored food in the neighborhood 
of the xylem elements. Similar reticulations are also present in the 
cortical parenchyma of the crown and sometimes in the parenchyma 
of the adventive roots. Starch has not been observed in these cells 
and the nature of their contents has not yet been determined. It is 
perhaps noteworthy that the same type of reticulation is to be found 
in the lateral walls of the cells of the upper epidermis of the leaf. 
Among all these medullary cells are large numbers of crystals, prob¬ 
ably of calcium oxalate. . Such crystals are also found in the cortical 
parenchyma and in the tissues of the leaves adjacent to the bundles. 


s Strasburger’s (fi) text defines tracheae as “wider or narrower tubes formed from a number of cells by the 
disappearance of their end walls,” while tracheids are defined as “single cells with pointed ends, and are 
as a rule of narrow diameter. Their walls bear peculiar pits.” According to these definitions no true 
vessels are formed in the secondary xylem of the strawberry. The structures herein described certainly 
represent a transition type between tracheids and tracheae, but they resemble the former much more 
closely than they do the latter. 
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DISCUSSION 

The studies reported here have shown certain structural charac¬ 
teristics of the strawberry which are fundamental to an understanding 
of the growth and development of this plant. The runners with their 
long internodes are true stems, although them vascular structure differs 
markedly from that of the short internoded crowns. These differences 
are closely correlated with the essential differences in function of the 
* two types. Although the xylem is extensive in both types of stems, 
that of the runner is composed of large, open, true vessels arranged 
in parallel bundles which allow free longitudinal movement of the 
large quantities of water and nutrients necessaiy for the maintenance 
of the runner plant and its dependent plants. In the crown, on the 
other hand, the entire vascular cylinder is made up of a network of 
short, anastomosing bundles which provide an efficient means of 
rapid transfer of water and solutes across the stem. Moreover, these 
bundles themselves,* instead of being made up of long vessels, are 
composed of short tracheids provided with numerous large lateral 
and terminal pores which further increase the efficiency of cross as 
well as longitudinal transfer of water. Such a crown structure makes 
it possible for plants which have had most of their roots cut by a hoe 
or insect, or destroyed by fungi, to supply all leaves, runners, and 
other parts uniformly with water and nutrients. Broadly speaking, 
moisture and nutrients supplied to one side of a row of plants can be 
assumed to supply both sides of the plant uniformly, in striking con¬ 
trast to most woody plants. Reduction of any part of the root 
system affects the plant as a whole rather than one side alone. 

The runner is commonly two nodes in length and is not continuous 
beyond its first daughter crown, the runner being continued by what 
is really the bud from the axil of its first leaf. The manner of inser¬ 
tion of the lateral bundle traces of this leaf establish this point. The 
bud in the axil of this first leaf, however, owing to the bending up of 
the tip of the runner, is placed so nearly in direct line with the vascular 
bundles of the parent runner that it is in an especially favored position 
as regards its supply of water and nutrients. Hence its development 
is commonly far more rapid than is the development of any of the 
buds in the axils of later leaves on the same plant. 

Marked differences in the arrangement, development, and structure 
of the vascular tissues of the large adventive roots which arise from 
the crown, as compared with the small fibrous ones, together with 
the paucity of root hairs and freedom from the normal (?) fungus 
associations on them, account for their comparative inefficiency as 
absorbing organs. This apparently explains the difficulty in trans¬ 
planting plants having many large roots but no fibrous ones as com¬ 
pared with those having at least a few small ones. 

SUMMARY 

The most distinctive features observed in the strawberry (var. 
Progressive) are: 

1. There are two types of roots; large adventive ones, and fibrous 
branch roots, which show the following perfectly distinct and 
characteristic morphological differences: 

a. The tissues of the adventive roots differentiate very tardily; 
those of the fibrous branch roots differentiate early. 
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b. The vascular bundles of the former are placed far apart; those 
of the latter are very closely approximated. 

c. The former have a large central medulla; in the latter the 
central medulla is entirely wanting. 

d. The former very rarely show secondary thickening; in the 
latter secondary thickening occurs abundantly. 

e. The steles of the adventive roots are tetrarch, pentarch, hexarch, 
or poly arch; those of the branch roots are diarch, triarch, or tetrarch • 
only. 

j. In the former the pericyele is many layers in thickness; in the 
latter it is of a single layer. 

g. In the former the endodermis is unmodified; in the latter the 
endodermis is greatly thickened. 

It. The adventive roots are without definite fungus-bearing regions, 
while in the branch roots a mycorrhizal (?) fungus is commonly 
present in a definite region of the cortex. 

2. There is a many-layered pericyele in the crown and in the 
adventive roots. 

3. Numerous oblique and transverse conducting strands are present 
in the mature crown. 

4. The tracheids are provided with highly peculiar pores in their 
lateral walls, which greatly increase the possibility of tangential 
movement of material within a single xylem strand. 

The physiological importance of these features needs to be further 
examined experimentally, and the anatomical characters, particularly 
in regard to their occurrence in related genera, need further study. 
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COMPARATIVE STUDIES OF WINTER HARDINESS IN 

WHEAT 1 

Bv John H. Martin 

Associate Agronomist , Office of Cereal Crops and Diseases , Bureau of Plant Industry , 
United States Department of Agriculture 2 

THE WINTER-HARDINESS PROBLEM IN WHEAT 

Winterkilling is practically the only factor which limits the growing 
of winter wheat in northern regions, especially in the north-central 
part of the United States. The losses due to winterkilling in the 
United States, the methods of reducing winter injury, and the hardi¬ 
ness of certain varieties have been shown previously (10, 11, 26, 28) a 

Several difficulties are encountered in determining the hardiness of 
wheats by field methods. Winterkilling of wheat plants in the field 
is very irregular, and complete killing or complete survival of the 
plants frequently occurs. Repeated field tests are necessary to 
measure hardiness in varieties. Poorly adapted varieties often show 
a low winter survival even though they are known to be resistant to 
cold (14)- Frequently it is not low temperatures, but drought, soil * 
blowing, soil heaving, and smothering by ice which are responsible for 
the killing of winter-wheat plants. The low correlation between the 
survival of winter-wheat hybrid strains and that of selections from them 
was shown by Vassar. 4 In the writer’s experiments no significant 
correlations were obtained between the survival of hybrid strains and 
selections from them. A laboratory method for measuring winter 
hardiness, which would be more accurate than field observation, 
therefore, is greatly needed. 

The complexity of the problem and the differences between varieties 
have made positive conclusions regarding the nature of hardiness 
rather difficult. Many characters possessed by hardy wheat varieties 
also are found in nonhardy varieties or they do not occur in rye, which 
is hardier than wheat. The hard red winter wheats are the hardiest 
group known. These wheats are characterized by narrow, dark- 
green, prostrate leaves in the seedling and rosette stages. The narrow 
leaves seem to be fairly well associated with hardiness in certain 
American winter wheats but not necessarily in all groups of wheat. 
The dark color and prostrate position of juvenile leaves also are not 
definitely related to hardiness. Any relationship between hardiness, 

1 Received for publication Dec, 2, 1926; issued November, 1927. A thesis submitted to the faculty of the 
Graduate School, University of Minnesota, in partial fulfillment of the requirements for the degree of doctor 
of philosophy, June, 1926. Most of the investigations reported herein were conducted at the Minnesota 
Agricultural Experiment Station, University Farm, St. Paul, Minn., during the years 1923-24 and 1925-26. 

3 The writer wishes to express his thanks to Dr. R. A. Gortner, professor of agricultural biochemistry at 
the University of Minnesota, for his help in outlining these experiments and in providing facilities for 
carrying them out; to Dr. H. K. Hayes, professor of plant breeding, and other members of the staff of the 
Minnesota Agricultural Experiment Station, for materials and equipment furnished and suggestions given 
during the course of these investigations; and to Dr. Robert Newton, professor of field husbandry at the 
University of Alberta, for supplying the writer with some of his experimental results on winter hardiness of 
wheat m advance of their publication by him. 

3 Reference is made by number (italic) to “Literature cited,” p. 532. 

4 Vassar, L. P. field and laboratory methods for a determination of winter hardiness in 
winter-wheat hybrids. Unpublished thesis, submitted to the Graduate School of the University of 
Minnesota in partial fulfillment for the degree of master of science, June, 1924. 
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all anatomical characters, and nearly all physiological characters 
probably could be disproved by the proper selection of a limited 
number of cereal varieties. 

The recent work of Newton (34, 35 , 36) shows, however, some im¬ 
portant physiological characteristics of several of the hardy wheat 
varieties, which might be used in measuring the hardiness of varieties 
and hybrids. 

REVIEW OF LITERATURE ON WINTER HARDINESS IN PLANTS 

CAUSES OF WINTERKILLING 

In spite of abundant data to the contrary the belief of the old 
Greek philosophers and of Duhamel and Buff on as late as 1740 (13) 
that frost injury in plants is due to rupture caused by growing ice 
crystals within the cells has not yet been entirely dissipated. Goppert 
(to), Sachs (44), Muller-Thurgau (82, S3), Cavallero (reported by 
Abbe (1)), Molisch (30), and Wiegand (56) observed that ice forma¬ 
tion takes place mostly in intercellular spaces and that the rupture of 
cells by freezing rarely occurs. Muller-Thurgau (32, S3) reported 
thta ice formation takes place within the cell only on rapid cooling, 
and Cavallero (1) stated that, even though ice is formed within the 
cells, the protoplasm never freezes. Molisch (31), Muller-Thurgau 
(32, 33), and Wiegand (56) stated that frost injury w T as due to the 
withdrawal of water from the cells by freezing. 

Other w’orkers, including Cavallero (1) and Schindler (51), believed 
that frost resistance was due to chemical peculiarities of the cell 

E rotoplasm. Frost injury was believed by Gorke (16), Lidforss (24), 
chaffnit (48), and Schander and Schaffnit (50) to be due to the 
precipitation of cell proteins, through salting out by the increased 
concentration of the cell sap after w r ater had been withdrawn in 
freezing. Voigtlander (55) and Chandler (9) disagreed with this 
theory, the latter finding that plants grown with an abundance of 
nutrient salts are hardier and their protoplasm less easily precipitated 
than is the case with plants grown with a poorer supply of nutrients. 
The higher sap concentration of the better nourished plants, however, 
probably tends to increase imbibition; in which case Chandler’s 
objection is not necessarily valid. 

Mez (29) believed death to be due to cooling a plant below its 
specific minimum and held that the prevention of undercooling 
during freezing sometimes keeps the temperature of a plant above its 
specific minimum. Apelt (4) found that undercooling w T ill not con¬ 
tinue long, w'hile Voigtlander (55) stated that undercooling rarely 
occurs in nature and is not related to the killing* point or the death 
of the plant. Sachs (44) believed death from cold resulted from 
several factors, including shrinkage and disorganization of the cell 
following ice formation, ice expansion injury, and destruction by 
thawing after freezing. Detmer (12) stated that plant tissues were 
killed during freezing, because a change in the color of the chlorophyll 
could be observed. 

The recent view appears to be that frost killing consists in the 
withdrawal of water from the cells to form ice in the intercellular 
spaces, followed by the precipitation of the protoplasm, due chiefly 
to the increased concentration of the cell sap. 
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THE NATURE OP COLD RESISTANCE 

The factors which frequently have been reported concerned with 
cold resistance include low moisture content, increased sugar con¬ 
tent 5 (2, 3, 4, {8, 34, 36, 48), increased sap concentration, increased 
colloidal material, and a long vegetative period (8, 51), as well as 
certain morphological characters of wheat, such as narrow or pros¬ 
trate leaves (8, 45) and large cells (5). 

The relation of low moisture content to hardiness in wheat was 
shown by Sinz (53) and Newton (35). The same relationship was 
shown in apple twigs by Shutt (52) and by Beach and Allen (7), in 
peach twigs by Johnston (21), in plum twigs by Strausbaugh (54), 
and it has been indicated for vegetable plants by It os a (43). 

Although Maximow (27) and Chandler (9) found that increasing 
the sap density of plants increased the resistance to freezing more 
than could be accounted for by the increased osmotic pressure, 
Salmon and Fleming (46), Pantanelli (40), and Baroulina (5) found 
no definite relation between osmotic concentration of the sap and 
the cold resistance of cereals. The failure to find a relation prob¬ 
ably was due to the selection of varieties, the attempt to compare 
different crops, or the time of collecting samples. The method of 
extraction influences the freezing point of the sap, and it may differ 
considerably from the freezing point of the tissues, as shown by 
Newton and others (38) and by Wright (58). 

Imbibitional pressure due to hydrophilic colloids, as measured 
by the quantity of juice expressed from wheat leaves, was shown by 
Newton (34, 35) to be closely related to hardiness, the more hardy 
varieties yielding the lesser quantity of juice. The relation of total 
solids and bound water to hardiness was pointed out by Newton 
and Gortner (37). 

Rosa (43) reported pentosan content to be related to hardiness in 
vegetable plants, but Newton 8 did not find this relationship in wheat. 
Recent experiments by McGinty (25) indicate that the methods 
used by Rosa would not actually measure pentosan content. 

Zaeharowa (59) reported the most cold-resistant tissues to be the 
most alkaline and to contain a lower salt concentration and a higher 
protein content. Kolkunov (23) reported that xerophytic wheat 
varieties resist injury from low temperatures. 

Newton (35) suggested that, because of the better retention of 
sugars, hardy cereals may have a lower rate of respiration than non- 
hardy ones, which has been shown by Govorov (18) to be the case. 

LETHAL TEMPERATURES FOR CEREAL PLANTS 

Scliaffnit (49) found that wheat seedlings were injured very little 
at — 5° to —10° C. but were considerably injured at —15° to -20° C. - 
Both the degree and the duration of cold affect the extent of killing. 
Klages (22) exposed wheat plants to cold for short periods and 
obtained results similar to those of Schaffnit. Rye seedlings three 
or four days old were found by Zaeharowa (59) to be killed at — 7.8° 
but not at —2.9° C. At —5.75° and —3.9° C. the seedlings were 
killed except at the root tips. Buhlert (8) froze the juices of spring 


a Newton, R. the nature of winter hardiness in crop plants. Progress Reports to the Honorary 
Advisory Council for Scientific and Industrial Research (Canada). (Typewritten reports* May, 1924, and 
May, 1925, furnished the writer by courtesy of Dr. Robert Newton.) 
a Newton, R. Op. cit. 
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barley, winter barley, and winter rye and found at —7.0°, —12°, and 
-15° C., respectively, a precipitate consisting of protein with traces 
of lime and phosphoric acid. 

PROBLEMS INVESTIGATED 

The chief object of the investigations undertaken by the writer 
was to determine the most accurate and feasible methods for meas¬ 
uring winter hardiness in wheat varieties and hybrids. Four general 
problems were studied: (1) Laboratory investigations of factors for 
hardiness; (2) determination of lethal temperatures for wheat; (3) 
hardiness of plant parts; and(4) hardiness in wheat hybrids. Other 
objects of the investigations were to determine further the processes 
of hardening, the causes of winterkilling, and the inheritance of 
winter hardiness in wheat plants. 

LABORATORY INVESTIGATIONS OF FACTORS FOR HARDINESS 

The factors which were investigated in the laboratory studies 
included the moisture content and imbibitional pressure of the 
leaves, total solids, freezing-point depression, and bound water in the 
expressed juice or sap, the seasonal changes in these factors, and the 
rate of respiration of wheat varieties at low temperatures. 

MATERIALS AND METHODS USED 

Four varieties of wheat—Minhardi, Kanred, White Winter, and 
Marquis—were used in these investigations. Minhardi has been 
shown (11) to be the hardiest winter-wheat variety grown in the 
United States. Kanred, an important hard red winter variety, is 
less hardy than Minhardi. White Winter was selected because it 
appeared to be among the least hardy of the winter wheats. Marquis, 
a spring wheat, was used for comparison with the winter w T heats 
because of its relative hardiness among the spring wheats. Swedish 
(Minnesota No. 2) rye was included in the experiments because it 
w 7 as known to be considerably more hardy than Minhardi wheat 
and to determine whether the same physiological factors for hardiness 
occur in wheat and rye. 

The moisture content of the leaves was determined from samples 
of approximately 10 grams, weighed before and after drying 24 hours 
or more in an oven at 100° C. The imbibitional pressure of the 
leaves was determined by measuring the quantity of juice or sap per 
gram of green tissue expressed by a hydraulic press at pressures of 
50, 150, 250, and 350 kgm. per square centimeter. Samples, usually 
consisting of 25 to 75 gm. of tissue, were wrapped in pieces of boiled 
unbleached muslin 5 inches square. They were then placed in a 
steel press bowl and the hydraulic pressure applied to a piston in 
the bowl. 

The percentage of total solids in the sap was determined by means 
of the Abbe refractometer, the sugar scale being used as a basis for 
estimating solids, as suggested by Gortner and Hoffman (17). 
Freezing-point depressions were determined with a Beckmann ap¬ 
paratus, a salt-and-ice bath being used. The percentage of bound 
water in the sap was ascertained by the method of Newton and 
Gortner (87), by determining the freezing-point depression of the 
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sap before and after adding pure sucrose in a quantity equivalent to 
a molecular concentration of sucrose in the water of the sap. A 
quantity of sap containing 10 gm. of water, as determined by the 
percentage of total solids, was weighed out, 3.422 gm. of sucrose 
added, and the freezing-point depression then determined. 

For example, a sample of sap showed a freezing-point depression of 
1.51° C, With a quantity of added sucrose necessary to give a 
molar concentration, it had a freezing-point depression of 3.86° C., 
which, minus 1.51°, equals 2.35°, the excess freezing-point depression. 
Of this excess, 2.085° was due to the sucrose, which in solution forms 
sucrose hexahydrate. Then 2.35° minus 2.085° equals 0.265°, 
which is the excess freezing point due to water being bound by 
colloids in the sap so that it can not dissolve the sucrose. Dividing 
0.265 by 2.35 and multiplying the result by 89.2 gives 10.1 per cent 
of bound water. The figure 89.2 shows the quantity of free water 
in 100 c. c. of a molar solution of sucrose in which 6 molecules or 
10.8 per cent of the water is taken up to form sucrose hexahydrate. 

The lethal temperatures for wheat plants were determined b} T 
subjecting the plants growing in pots to freezing, usually for 24 
hours at known temperatures, and then returning the pots to the 
greenhouse and noting the percentage of plants which recovered. 
The rate of respiration was measured by drawing a stream of air 
free from carbon dioxide through a closed chamber covering the wheat 
leaves, which chamber was sealed off from the laboratory air and 
from the soil in which the pots were growing by a half-and-half 
mixture of vaseline and liquid paraffin. The air was caused to flow 
through the chamber by equal suction and pressure at the rate of 
18 liters per hour. Five volumes of air passed through the chambers 
during each half hour of aspiration, as the capacity of the chambers 
was 1.8 liters. The chambers were aspirated for half-hour periods 
whenever a sufficient quantity of measurable carbon dioxide had 
accumulated. The carbon dioxide given off by the plants was 
collected in bead-absorption towers containing a standard solution 
of barium hydroxide, and the excess of alkali w r as titrated with 
HCd, using phenolphthalein as an indicator. The acid solution 
was of such strength, N 0.04545, that each cubic centimeter was 
equivalent to 1 mgm. of C0 2 . The temperatm’es during respiration 
were kept constant to within about 0.1° C. by placing the potted 
plants in the chambers of an ice-cream cabinet ’which were electrically 
heated by means of lamps, to keep the temperatures in the chambers 
above that of the surrounding bath. The temperatures were con¬ 
trolled by thermoregulators. (Fig. 1.) 

The wheat used in these investigations of the tissue-fluid properties 
was sown in 8-foot rows on fall-plowed land. The sowing was done 
by hand, September 11 and 12, in 1923, at the rate of 5 gm. per row 
or 1 bushel per acre. In 1925 it was sown with a hand planter on 
August 27, at the rate of 5.5 gm. per row. The rye was sown Sep¬ 
tember 21 in 1923, but in 1925 it was sown on the same date as the 
wheat. Duplicate plots ’were sown consisting of 25 rows of each 
variety in 1923 and 50 row r s in 1925. In 1923, delayed rains caused 
a slow growth of wheat, and the plants had reached only the three- 
leaf stage when the first samples were gathered October 19. Growth 
continued, however, until the latter part of November. In 1925, 

68829—27-2 
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Fig. 1,—-Diagram, of the constant-temperature apparatus used for the — 12 0 C. (1 0 0 F.) and 

respiration experiments: 13, Tube for ingoing air; 14, tube for out- _noo n /_ qo ra \ u < 

going air; 15a, sheet-metal respiration chamber; 15b, earthenware "O O. s, o JD .J DUb 
jar containing growing plants with the soil surface sealed off; 16, rJrnrmpd to thelfittpr flo*- 
coil of copper tubing for cooling air before it enters respiration Uioppcubo oneiabbei rig 
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screen surrounding the fan blade; 21, sheet-metal cylinder; 23, wall uaCL been leit Z4 Hours 01 
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25, fluid of the freezing cabinet; 26, cork insulation of freezing cabinet moie hue Hardening 

room, the samples were 
returned to the laboratory and pressed. In. 1923, one of the duplicate 
samples of each variety was pressed soon after it was collected and 
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without preliminary freezing. In 1925, both samples of each variety 
were frozen. 

The daily maximum and minimum temperatures recorded at 
St. Paul, Minn., during the fall and winter months from October to 
February, inclusive, in 1923-24 and 1925-26, are shown in Table 1. 
These data are given because of their relation to the hardening-off 
process in the wheat plants under field conditions, this relation being 
reflected in the data obtained on the different sampling dates as here¬ 
after given. In 1923 the first freeze occurred on October 19, the 
date of the first collection of winter wheat from the field, but the 
wheat plants apparently had not been frozen. In 1925 the first 
collection was made on October 12, after light frosts had occurred, 
but while the plants were still in an actively growing condition. 

Table 1 .—Daily maximum and minimum temperatures at University Farm, 

St. Paul, Minn., during stated fall and winter months of 1923-24 an d 1925-26 
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The temperatures in 1923 continued rather mild, and the wheat 
continued to grow until well into November and resumed growth 
again during the few days following December 15. During the 
night of December 26 the temperature dropped abruptly and con¬ 
tinued low until January 6, 1924. During this period the growth 
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of wheat stopped and the plants remained frozen and were covered 
with snow. The sudden change of temperature caught the plants 
in an imhardened condition, but in spite of this they survived the 
minimum temperature of —33° C. ("27° JB\) of January 5 with little 
or no injury. This was due to the 3-inch covering of snow. Thermo¬ 
graph records of the air temperature and the soil temperature just 

below the surface on 
a plot a few rods from 
the wheat plants were 
kept by A. C. Amy, 
and some of the results 
were shown to the 
writer. During the 
first two weeks of 
January, when the air 
temperature d roppod 
to a minim urn of “33° 
0. ( —27°1<\) and rose 
to a maximum of 
about -1-2° 0. ( + 3«° 
F.), the soil tempera¬ 
ture remained practi¬ 
cally constant at - 2° 
0 . (+28° V.) 9 which 
After January 1 the 



Fig. 2.—Moisture content of Kanretl and Minhnrtli wlieat leaves col¬ 
lected at intervalsduimg the autumn and winter of 1922-21, Unlvei- 
sity Farm, St Paul, Minn. 


is not fatal to any variety of winter wheat, 
wheat remained covered with some snow until spring. 

In the autumn of 1925 the wheat apparently continued growth 
until the latter part of October and remained vegetatively active 
until the last week in November. The temperatures during Decem¬ 
ber and January were relatively low, and there was some snow on 
the ground continu- ' ^ ^ 
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ouslj. The wheat 
plants remained 
frozen nearly all of 
the time from the. 
latter part of Novem¬ 
ber until early in 
March, although the 
plants collected on 
January 16 had 
thawed somewhat. 

The official tem¬ 
peratures recorded 
were taken with in¬ 
struments placed in 
a shaded inclosure, 
while in the field on clear days the sunshine frequently caused the 
plants to thaw and take up water from the soil, even when the 
maximum temperature recorded in the instrument shelter was below 
freezing. The wheat plants thus were able to recover water to re¬ 
place that lost by freezing and evaporation, apparently changing 
their imbibitional power during periods in which, on the basis of 
recorded temperatures, they would be expected to remain frozen 
and unchanged. 


Moisture content of Kanretl and Minhardi wheal leaves 
collected at intervals during the, trait mm and winter of 192f»-2f>, 
University Farm, St Paul, Minn. 
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The winter of 1923-24 might be considered an abnormal one, on 
account of the long-continued growing weather and the high tempera¬ 
tures in December, followed by very low temperatures in early 
January. The absence of low temperatures except when the ground 
was covered w T ith snow r permitted almost complete survival of winter 
wheat. The season of 1925-26, on the other hand, was more nearly 
normal, as temperatures tended to decrease gradually until the soil 
was frozen and covered with snow at the end of November. The 
conditions prevailing during that season and their effects on winter 
wheat were about such as might be expected in most seasons in 
sections having a climate similar to that of St. Paul, Minn. Rather 
heavy winterkilling occurred in the winter-v r heat nurseries. 

RESULTS OBTAINED 

The data obtained from the laboratory investigations of factors 
for winter hardiness in wheat are shown in detail in the following 
pages. In the discussion following the presentation of these and 
other experimental results, the relations of the various factors con¬ 
cerned with hardiness and hardening are considered. 

Moisture Content 

Data showing the average moisture content of duplicate samples 
of wdieat leaves collected during the tw r o seasons are given in Table 
2 and are shown graphically in Figures 2 and 3. The moisture con¬ 
tent of the leaves of the different varieties was about 80 per cent 
during early October, when the plants were actively growing. With 
the approach of cold weather the moisture content dropped to about 
70 per cent. Most of this decrease resulted from the wilting of the 
tissues following freezing. After each freeze some of the lost moisture 
was recovered. This explains the wide fluctuation in moisture con¬ 
tent shown in Table 2. Dead tissues were not entirely eliminated 
from the moisture samples. The separation of the dead tissue is 
very difficult when considerable quantities of partly wilted tissue, 
are present. It is not known just how little moisture the tissues 
could contain without being wilted in appearance, but, in general, 
all samples collected in late autumn or winter which showed less than 
68 to 70 per cent moisture were at least partly wilted. The hardy 
varieties could contain less moisture than the less hardy varieties 
without being wilted. 

From the data of Table 2 it is evident that the Kanred variety 
had a higher moisture content than the Minhardi on all but five 
dates. These exceptions followed severe freezes in which Kanred 
was more injured than Minhardi. The difference in moisture con-' 
tent may well be considered a measure of hardiness in which the 
hardier variety has the lower moisture content. White Winter wheat, 
when not too badly wilted, showed a higher moisture content than 
either Kanred or Minhardi. Rye tends to have a high moisture 
content, even though it is extremely hardy. This, however, does 
not disprove the relationship in wheat, which belongs to another 
genus. 
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Table 2. —Moisture content of the plants of four varieties of wheat and one variety 
of rye collected on stated days during the seasons of ladd 2 ( and I,Odd dtt , Uin¬ 
vars it y Farm , St. Paul, Minn. 


Moisture content (per cent) 


Dale coll eeleil 


Season of 1928-24 

October: 

19 . 

23 .. 

27_ ..-.. 

November* 

l._.. 

3 . 

0 .. 

10_.- 

13. 

17... 

20. .. 

24 ..... 

27. 

December 

1 .. 

4 .... 

8. 

n... 

15.... 

22.. 

29 ... 

January: 

5 .. 

12___ 

26. 

February: 

12. 

23 . 

March: 

8_. 

27 . 

May: 

17. 

Average a . 

Season of 19M-HU 

October: 

12. 

10... 

20 . 

24 . 

28 . 

31. 

November: 

5 „.__ _ __ 

9. 

13. 

17... 

21—. 

25 . 

28. 

December. 

2 . 

7. 

11... 

15 . 

22... 

30 . 

January: 

7. 

16 . 

22. 

30. 

May: 

1 ..... 

Average 6 . 


Minlmrdi 

77.8 

74.7 

69. 6 

68 . 6 

73.2 

69.7 

70.2 

67.8 

70. 6 

71.9 

69.1 

66 .9 

72.5 

68.7 

67. 5 

67.4 

64.2 

67. 2 

69.2 

71.1 

70.7 

69.4 

67. 7 
05.0 

50.7 

60.9 

75.1 

Kanrccl 

81.1 

78.9 

69.8 

73.7 

76.9 

74. 6 

73. 4 

71.3 

72.9 

73.9 

67.8 

72.8 

73.6 

70 9 

70.9 

69.7 

67.9 

72.5 
73.1 

70.3 

68 .5 

70.8 

65.7 

72 4 

63 7 

57.0 

78.7 

White 

Winter 

Martinis 

M imiosol ;i 
No. 2 i ye 










76.6 


76. 3 

72.6 


75 2 

73.6 

. 

74.2 

73.4 


69. 6 

72.0 

73.2 

69. 1 

. 

57. 3 

67.5 

72.7 

60.7 

68 . 6 

75.2 

69.2 

64 5 

64.3 


f 68.677 

71.219 

69.593 

1 


l ±0.512 

=hQ.590 

±0.817 

r- 


76. S 

78.7 

81.2 

81.8 

M). 2 

75.4 1 

77.5 

HO, 5 

80, 9 

78. 4 

52.2 

76.7 

78. 4 

78. 5 

77. 1 

72. 1 

75.5 

77.2 

77.0 

74. H 

67. 1 

72.1 

1 72’. 9 

69.5 

72. 1 

59.3 

62.9 

64.0 

65. 4 

♦»1.9 

67.8 

70.8 

71.0 

71.8 

72.7 

69. 0 

63.2 

64. 5 

57,6 

oF>: r» 

66.0 

70. S 

70. 5 

♦16, 1 

71. 1 

63. 7 

68.1 

68 . 1 

60, i 

08, 1 

65. 6 

69.9 

69. 8 

68 , 4 

70.0 

62. 7 

68 . l 

65. 5 

60. 7 

71, 1 

61.7 

06.9 

66.2 

62.4 

70.7 

61.9 

63.8 

62.0 

59.2 

67,7 

68 .5 

68.7 

66.0 

64. 7 

71.9 

68 . 0 

69.7 

08. 6 

69. 1 

72.6 

62. 6 

69.0 

65. J 

61.2 

73.1 

62.3 

65.8 

62,3 

62.2 

71.3 

61.8 

66 6 

57, 5 

58, 7 

70, l 

68 . S 

70.6 



72.5 

67.4 

68.8 

" onf 1 

66 .3* 

69.1 

67.0 

70.2 

. . . 


68.6 

74.0 

70.9 

*** 7112*" 

* ”oo, 2* 

67.9 

73. 5 

77.7 



79.2 





/ 66.635 

69.796 

69.171 

66.767 

71.409 

* \ ±0. 682 

±0 .576 

±0.933 

A1.071 

1 0.518 


* Not including samples collected May 4. 


Not including samples collected Oct. 19. 
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The data on moisture content for 1925-26 are more complete than 
those for 1923-24. In 1925, on October 12, 16, 20, and 24, the 
moisture contents of Marquis and White Winter were distinctly 
higher than those of the hardier wheats, Minhardi and Kanred. 
Rye again showed a moisture content similar to that of the nonhardy 
vai'ieties. During the autumn of 1925 the moisture content of all 
varieties decreased until about December 2, when a certain recovery 
occurred. The moisture contents of White Winter and Marquis 
leaves were relatively low after October 28. During this season the 
moisture contents again showed large fluctuations due to freezing 
and thawing, with consequent wilting and recovery. The higher 
moisture content of Kanred, as compared with Minhardi, was 
maintained throughout the season except on January 30. It is 
evident from this and from the behavior of White Winter and Mar¬ 
quis wheats that varieties somewhat similar in hardiness tend to 
fluctuate together, while widely different varieties are dissimilar 
because they arc affected in widely different degrees by freezes or 
by their ability to recover. True comparisons in moisture content 
can be obtained only when the plants are not affected by freezing and 
wilting. On October 12, 16, and 20, the four wheat varieties had 
moisture contents in the inverse order of their hardiness. After 
that time this relationship did not exist. The lowest moisture con¬ 
tents of the nonhardy varieties were less than the lowest moisture 
contents determined for the hardy varieties, because the former con¬ 
tained more wilted and dried leaves. 

Duplicate samples of 10 varieties of winter wheat and one variety 
of rye were collected l'or moisture determinations, from nursery 
rows, on May 31, 1924. The plants at that time had almost reached 
tho jointing stage. The moisture-content data are given in Table 3 
with the wheat varieties arranged in the order of their hardiness. 
Rye, although much hardier, had a moisture content higher than 
airy of the wheats. The four hardiest wheat vai'ieties—Minhardi, 
Buffum No. 17, Minturki, and Odessa—had moisture contents lowor 
than the less hardy varieties, although the order of the moisture con¬ 
tents and tho relative hardiness of these varieties among themselves 
was inverse to that of all varieties as a group. The remaining 
varieties with somewhat higher moisture contents . also failed to 
show a definite relation between hardiness and moisture content. 
Differences in earliness and consequent stages of growth, however, 
may have affected the results. 

On November 16, 1925, triplicate samples of five varieties of 
wheat were collected from tho border rows of the varietal plots at 
University Farm. Collections were not made early in October, 
because sufficient growth had not been attained, and the samples 
collected November 9 were too badly wilted to show reliable results. 
The moisture contents of the five varieties, listed in their order of 
hardiness, are shown in Table 3. While again no definite relation 
between hardiness and moisture content were shown, Red Rock, the 
least hardy variety, contained decidedly more moisture than any 
other variety, and Kanred, the second least hardy variety, showed 
the second highest moisture content. 
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a 3 .—Average moisture content of samples of the plants oj ranches oj namin' 
at and rye collected at University Farm , Hi. Pant, and Itsled bn the 


Table 
wheat 

order of average hardiness 


Duplicate samples collected May 31, 1021 


Variety 


Minhardi, 
BulTum... 
Minturki. 
Odessa.- - 

Padtii_ 

Turkey.-. 


Moisture 

content 

Variety 

Moisture 

content 

Variety 

Po cent 


1 

Per cent 

JUinhardi. .. 

74. 9 

Kanred. 

76. 1 

73.4 

Klmrkof. 

76 .7 

Mmturki. ... 

73 3 

Blackhull. 

76. 4 

Turkey. 

72.7 

Nebraska No. 2K_ 

75. r> 

Kanred. 

70 9 

M lnnesota No. 2 rye. 

81. 2 

Ked Hock. 

75.7 





Triplicate samples collected 
Nov. Hi, I02o 


Moisture 

content 


/ Vr (rut 
70. 0 
77. 0 


70,2 
82. 1 


An experiment to determine the rate at which wheat plants dry out 
at lew temperatures was conducted by the use of artificial refrigera¬ 
tion. At the beginning of the experiment, samples taken from pots 
of Kanred and Minhardi wheat growing in the greenhouse contained 

75.5 per cent and 73.4 
per cent of moisture, 
respectively. () ( her 
pots containing plants 
of these varieties wore 
then exposed succes¬ 
sively to the follow¬ 
ing temperatures dur- 
iugtheperiodsnamed : 
1 ° O. for 24 hours, 
— 8° O. for 3b hours, 
and -12° (\ for S 
hours. At the end of 
this period Kanred 
contained 73.8 per 
cent and Minhardi 
72.8 per cent of mois¬ 
ture. T e remaining 
plants v ere than 
maintained at tem¬ 
peratures he tween 
■2° and 4° <!. for 
one week. Under 
those conditions tin* 
plants wort 1 thawed, 
but the soil remained 
frozen. At the end 



Fm. i.—Quantities of juice expressed per 100 grains of tissue from 
frozen leaves of four varieties of wheat and one variety of rye nt 
pressures of 50, 150, 250, and 350 kgm. per square centimeter, on 
October 16 and October 31,1925, University Farm, St. Paul, Minn. 


of the week the moisture content of the Kanred samples was reduced 
to 36.6 per cent and that of the Minhardi samples to 41.6 per cent. 
These latter samples of the two varieties consisted of the remaining: 
plants from the same pots from which the previous samples hail beta) 
taken. Duplicate pots of Kanred were returned to the greenhouse 
after the exposure at —12° C. 

All of the Kanred plants and hall' of the Minhardi plants had been 
killed by this exposure. The subsequent rapid drying was largely 
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in dead tissue. Under usual freezing conditions most of the leaves 
are killed. The experiment just described merely demonstrates that 
even at freezing temperatures drying of wheat leaves may take place 
rapidly. 

It does not seem possible to differentiate between varieties which 
are rather similar in hardiness by merely determining their moisture 
contents. Under more favorable conditions for obtaining repre¬ 
sentative samples, true differences in hardiness might be shown, 
especially if several samples were taken and the results averaged. 


Quantity of Juice Expressed from Leaves 


The imbibition pressure of wheat leaves, as measured by the vol¬ 
ume of j nice or sap expressed from the leaves by given pressures, was 
found by Newton (34, 

35, 36) to be closely 

related to hardiness. oOm ^ n. m & ^ 

This test was applied 70 r -r j-T j- j yr n t t~t . — j - - -— 

in these studies dur- J 

ing both seasons, and ^ \[ K 

in 1923 on both un- ~?r~ 

frozen leaves and Vr / 's. // A \ \ 

leaves frozen in the _ jl_/_ j\ '/ \ / 

hardening room before $ } If -j s / ^ ~~r 

pressing. In 1925 all § i| \ |[| J \/ 

samples were frozen J— f— - 

before pressing. Sll I ill/ 

Although measure- \ i 1 j h j 

ments of expressed sap -jj—*-? 5 —--- 

were recorded for pres- ^ j | j ll 

sures of 50, 150, 250, § I \j _/ J-1/C4W/gfi g 

and 350 kgm. per TT j»" ' T"- 

square centimeter, y f 

only the quantities ex- /£7 LL1 _ UJjLxJJ . 1, u lL x J^LJ ___ 

pressed Ht 350 kilo- Fio. f».—Quantities Of juice ovprtwd, at a prt'hsiiro of 889 atraoM- 
mu Tmacnn i nrl pheim per 100 grams of frozen loaves of Kanrcd and Minliard 

glilulN lilt- piCbUlU Cl. wheats collected at intmals during the autumn and winter of 

All of these measure- u> 2 ;i- 21 , University Farm, St. Paul, Minn. 


■*— -XytA/sQ/EO 


ments, as shown by 

the curves in Figure 4, showed approximately the same relative val¬ 
ues. At 50 kgm., frozen samples of Kanred and Minturki yielded, 
respectively, 80.0 and 79.5 per rent; at 150 kgm., 91.5 ami 92 per 
cent; and at 250 kgm., 95.4 and 96.5 per cent of the quantity of sap 
expressed at 350 kgm. It was found by experiment that about 1 c. c. 
of sap was absorbed on the cloth, bowl, and plunger in pressing; 
and as the size of sample pressed varied considerably, the data for 
sap expressed per 100 gm. of material are corrected by adding 1 c. c. 
to the actual quantity of sap expressed. The pressure readings 
taken were in kilograms per square centimeter. A pressure of 350 
kgm. per square centimeter is equal to 338.7 atmospheres, and ap¬ 
proximately the latter measure (339 atmospheres) is used in the 
tables and textual discussiou. 

The data for the quantity of juice expressed per 100 gm. of fresh 
tissue at a pressure of 330 atmospheres, together with theporeentage 
of total moisture which was expressed, are given in Tables 4 and 5 
and are shown srranhieallv in Figures 5 and fi. 
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For unfrozen leaves, the quantity of juice expressed per 101) gm. 
of unfrozen tissue decreased during the season from 25.4 c. c, for 
Minhardi and 29.1 c. e. for Kanred on October 19, to 5.2 c. e. for 
Minhardi and 5.4 c. c. for Kanred on December <S. After the latter 
date the quantity increased somewhat. A similar relation was shown 
in the percentages of total moisture expressed, indicating that the 
decreased quantity of expressed juice was not entirely a measure of 

the decreased mois- 


S92'S /9Ze 

0C7-O&&? /varf/ft as? ££C£/fS£/? u*r/vu4#y' 



Fr«. 0.—Quantities of juice expressed, at n pressure of MU atmos¬ 
pheres, per 100 grams of frozen leaves of Kanred and Minhardi 
wheats collected at intervals dnmm the autumn and winter of 
1025-20, University Kami, St. Paul, Minn. 


turo content. More 
juice was expressed 
from rye and. White 
Winter wheat than 
from Kanred and Min- 
liardi wheats, because 
of their higher mois¬ 
ture content. 

The data in Table 4 
show that consider¬ 
ably more juice is ex¬ 
pressed from the 
frozen than from the 
unfrozen tissues. 
This is due to the in- 
creased pen \ \ eal> i li ty 
of the cell membranes 
and the partial pre¬ 
cipitation of the pro¬ 
toplasm as a result of 
freezing, More juice 
was expressed from 
Kanred wheat than 
from Minhardi and 
more from White Win¬ 
ter than from Kanred. 
The quantity of juice 
expressed from these 
varieties of wheat pre¬ 
vious to the Novem¬ 


ber 20 samplings was always in the inverse order of their hardiness. 
After that date there were some irregularities, hut usually the less 
hardy varieties yielded more juice than Minhardi. The, differences 
between Kanred and Minhardi in the quantity of juice expressed 
varied considerably, depending not only upon the moisture content 
but also upon the effects of freezing upon the tissues. After Novem¬ 
ber 20 the differences were too irregular or too small to bo of value 
in distinguishing between hardy and nonhardy wheats, and after 
December 4 the quantity of juice obtained from both varieties was 
too large to be used as a basis for measuring hardiness. 

More juice was expressed from rye than from Minhardi wheat 
until December 1, the date of the last collection of rye. There was 
little indication from the results obtained in 1928 that rye possessed 
greater ability to hold water against freezing and pressure than the 
hardy winter wheats. This may have been partly because the rye 
was sown nine days later than the wheat. Approximately the same 
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relationships were shown in percentage of total moisture expressed 
as in the quantities of juice expressed. The percentage expressed 
from White Winter wheat was more than 70 per cent except on two 
occasions, while Minhardi yielded less than 70 per cent of its juice 
most of the time, except at the beginning and end of the season. 


Table 4.' —Quantity of juice expressed, at 839 atmospheres pressure , from frozen 
and unfrozen plants of three varieties of wheat and one variety of rye collected 
at intervals during the autumn and winter of 1923-24, University Farm, St. 
Paul , Minn. 


Juice per 100 gm. of fresh tissue (c. c.) 


Percentage of total moisture expressed 


Condition and date 
collected 

Min¬ 

hardi 

Khnrod 

White 

Winter 

I 

Minne¬ 
sota No. 

2 rye 

Min- I 
hardi 

Khnred 

UNFROZEN PLANTS 





~ 1 


October: 







19... 

25.4 

29.1 



32,0 

35.9 

23. 

15.4 

14. L 



20.0 

17.8 

27 ... 

16 8 

20.3 



24.1 

28 9 

November 







K. 

13.9 

10.3 



20.0 

22.0 

3. 

9 4 

12.1 

20.3 

14.3 

12.8 

15 7 

6__ 

9.0 

11.3 



12.9 

15.1 

10.. 

9 9 

9.5 

14.6 

10.1 

14.1 

13.1 

13. 

6.1 

8.5 



9 0 

11.9 

17. 

5.7 

8.3 

6.7 

7.7 

8.1 

U. 4 

20.. 

9 0 

7 8 



12.0 

10.6 

24. 

7.4 

8. L 

8 1 

11.1 

10.5 

12.1 

27 ... 

C.l 

5.0 



9.3 

7.7 

December: 







l-... 

5.7 

5.3 

8.4 

6.9 

7.7 

7.2 

4... 

5.3 

8.5 



7.8 

11.8 

8._ 

5.2 

5.3 

6.0 


7.6 

7.6 

11«.. 

9.7 

14.7 



33.9 

20.9 

15. 

8.4 

10.0 

9.2 


33.5 

14.8 

22. 

13.9 

7.7 

12.4 


21.1 

10.5 

29 K. .. 

32 4 

35.5 

46.5 


45.8 

47.8 

Average c _._ 

/ 10 128 

11.25 

) . 





\ ±0.810 

±0.927 

J 




FROZEN PL VNTS 







October: 







23. 

40,0 

02.1 



61.7 

79. 0 

20. 

01.3 

05.3 



88,3 

94.1 

November. 







i..—. 

23.5 

44. 9 



33.8 

01.2 

3__ ... 

53.0 

03.0 

68.1 

~~53.~4 

73.8 

83.1 

0. 

57. L 

59.9 



81.8 

80.7 

10. 

50.0 

55.4 

67.1 

52 3 

71.2 

74.5 

13. 

11.3 

45.4 



16.0 

03.9 

10. 

2H.8 

44.1 

50.8 

33.3 

40.9 

60.6 

20.... 

30.1 

41.3 



43.8 

55.6 

24... 

44.4 

34.5 

51.4 

50. i 

65.3 

50.3 

27...-. 

45.0 

51.1 



67.2 

70. 5 

December: 







1.— 

33.4 

34.3 

30.4 

26. 4 

47.1 

46.5 

4,. 

15,4 

18.4 



22.2 

20.5 

8. 

35. 0 

28.2 

49.1 


52.6 

39.3 

11. 

34.1 

43,1 



52. 5 

02.4 

15. 

28.5 

43.3 

35.5 


43.0 

63.5 

‘W! 

41.4 

55. 7 

58.7 


60.5 

77.7 

29. 

42.2 

60.0 

58.8 


62.4 

83.6 

January: 







5 . 

52.4 

54.0 

55.3 


73.7 

70.9 

12. 

45.9 

51,4 

50.3 


64.9 

75.0 

26. 

56.3 

58.3 

59.5 


84.3 

82.3 

February: 







12. 

42.0 

55.3 

57.1 


62.2 

82.0 

23. 

53.1 

51.1 

47.2 


81.7 

70.6 

March: 







8 . 

41. 0 

37.6 

27.4 


73.8 

59.0 

27. 

24. 7 

26.4 



40.0 

46.2 

May: 







17.. 

08.2 

69.4 



90.8 

88.2 

Average. 

f 40.973 

48, 235 

51.913 

i. 




\ ±1.820 

rbl. 673 

del. 854 

i 




White 

Winter 


26.9 j 

“19" y~! 

. 1 

9.0 | 

Tiro'- 


ii. 4 
"s.Y 


89.1 

"fe. 3” 

* 77 ." 8 
70.0 


50.0 


70.9 


60.4 
87.1 

86.4 


73.3 

79.2 


82.5 

73.2 

42, 0 


Minne¬ 
sota No. 
2 rye 


18.6 

13.1 

10.1 
16.1 


9.8 


70.5 

69.1 

45.1 


7il> 


35.9 


« Samples partly frozen when gathered 
Samples frozen when gathered. 


c Not including samples collected Dec. 29. 
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Table 5. —Average quantity of juice expressed t at 339 atmospheres , from duplicate 
samples of frozen plants of four varieties of wheat and one variety oj rye collected 
at intervals during the autumn and winter of 193o-3d, University Farm , SI. 
Paul, Minn . 



.7 uice 

expressed per 100 grams (c. c.) 

Percentage of total moisture expressed 

Date collected 





Mimic- 

i 


White 

M ar- 

M in lie- 

Mm- 

Kan- 

White 

Mar- 

SO til 

Min- 

Kan- 

sola 


hard! 

red 

Winter 

quis 

No. 2 

jye. 

huirli 

red 

Winter 

quis 

No. 2 
rye 

October. 








87.3 


88 . i 

12 _ 

57. 9 

69. 3 

70. 9 

69 8 

70.9 

#5.4 

88 . 1 

85 3 
90.4 

Hi_ —- 

43 4 

62.1 

08. 7 

73.1 

57. 2 

57. 0 

SO. 1 

85. 3 

73, 0 

20 . 

26.3 

37 4 

47. (> 

50.3 

25.4 

36.3 

50 0 

60. 8 

71.8 

32.9 

24. 

33 0 

44.9 

55 6 

64. 1 

37.4 

46. 0 

59. 5 

70.2 

S3 2 

50. 0 

2 $.. 

21.9 

30.9 

42 7 

41.3 

28.7 

32 0 

42.8 

58. 6 

59. 1 

39.8 

31.. 

15. (i 

24 9 

36. 6 

40.7 

9 7 

26. 1 

39.0 

57.4 

02 .3 

15. 0 

Noveal bei. 









05. S 


5.-.. 

10. 5 

21.7 

34. 5 

47 2 

12.9 

15 5 

30. 7 

48. 6 

17.8 

9.. 

LS. 6 

27.5 

34. 3 

34.0 

12 3 

31. 1 

43 5 

53. 2 

59. 1 

18. 8 

13_ 

32.1 

46.1 

45. 1 

45.8 

27.9 

48. 7 

65. 2 

64.0 

09. 2 

39 2 

17. 

20 8 

25. 5 

30. 0 

33.7 

11.8 

32 7 

37 4 

14. 1 

55 8 

17. 3 

21 ... 

26. 5 

34.8 

42.4 

10.7 

21.3 

40.4 

50 2 

60 8 

08. 3 

30 1 

25.. 

12. 9 

15 0 

19.8 

29. 3 

5.7 

20 . 6 

22 I 

30. 2 

29.3 

8 0 

28. 

Decembei. 

25.4 

28.4 

32 9 

29.6 

25 5 

41.1 

42. 5 

(9. <1 

47.3 

36. 2 

2 . 

19.7 

19.2 

20.0 

21.7 

0 0 

31 8 

30 1 

32. 6 

36. 7 

8 . 9 

7. 

15. 0 

12.9 

20 . 0 

33 S 

7. 1 

21.8 

18. 8 

31 2 i 

52 2 

9, 2 

11 . 

JS.2 

17.0 

30.7 

43 2 

9.7 

27.3 

21 4 

4 1. 9 

50. 6 

13.3 

15.. 

21.7 

23.1 

38 1 

3S.8 

14 8 

31,5 

33. 6 

58. 4 

03.4 

21.3 

22 . 

20.1 

23.0 

23. 4 

35. 6 

25 3 

32. 2 

35 0 

37, 5 

55. 5 

35,.« 

30. 

20.5 

21.2 

25.8 

35. 1 

18.8 

32.9 

31.8 

11.8 

69. 0 

26 7 

January: 











7 

38.4 

44. 9 

35 7 
49.4 



39, ,8 

55.9 

03. 0 



56, I 

16. 

22 _ 

15 1 
41.1 i 

16.8”" 

11 7 

10 6 

35. 1 

22.4 

61.4 

52 1) 
70.2 

62. 7 

07 1 

1 i, 0 
51, 2 

30—... 

41.8 

40.4 

[57. 0“" 

47." S _ 

11 6 

50,1 

57. 6 

71.9 

79. 5 

16.8 

May: 











4.. 

60.8 

64. 1 

. 

— - -- 

60.0 

82.7 

82, 5 



S3.3 

Average « —j 

25.961 

32. 839 

38.929 

43. 413 

22.848 

j 38.3 

r. 

55 1 

02 . 8 

a t a 

±1. 030 

i 

±2. 030 

±2.121 

±J ‘107 

±2.287 

'lit, •> 

«■ 1 ■ 4 


■ Not including samples collected May 4. 


In the fall and winter of 1925-20, duplicate frozen samples of four 
varieties of wheat and one variety of rye wore tested for the quantity 
of juice which could be expressed. (See Table 5.) The quantities of 
juice expressed from the wheat varieties were in inverse order of 
their hardiness in most of the collections. In many of the tests, 
however, the quantity of expressed juiee from one or more of the 
wheat varieties was not in the order of the hardiness of those varie¬ 
ties, At the beginning of the season rye yielded more sap than 
Minhardi wheat, but after October 28 less juice was expressed from 
rye than from Minhardi, except on five dates. During part- of this 
period less juice was expressed from rye than from any of the wheats. 
The small quantity of juice expressed from hardened tissues of 
Minnesota No. 2 rye, which is hardier than any wheat known, shows 
that hardiness in cereals is largely a matter of imbibition pressure 
of the cell colloids and tends further to substantiate the results 
reported by Newton (34, 35 , SO). 

It will be noticed that considerable variation occurs in the quan¬ 
tity of juice expressed, even within short periods. Large differences 
between collections 15 days apart, during a period in which harden- 
ing occurred, are shown in Figure 4, Some of this variation between 
consecutive collections is due, of course, to experimental ami sampling 
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errors and also to differences in technic or treatment of the samples. 
Most of the variation, however, can be accounted for either by 
differences in moisture content or by the differences in the water¬ 
holding power of the tissues. This latter characteristic could be 
determined readily by the appearance of the samples removed from 
the press bowl. The hardened tissues of hardy varieties were not 
broken down by freezing and pressure, and when removed from 
' .the bowl they were elastic and turgid and expanded when the pres¬ 
sure was released; whereas samples of nonhardy or unhardened 
tissues remained in a thin compact layer when removed from the 
press bowl. This difference is shown in Figure 7. It was observed 
that the samples which yielded most of their juice in pressing showed 
the characteristics of unhardened samples mentioned above, while 
samples which yielded very little juice were elastic both before and 
after pressing. Unhardened samples when thawed were of dark 
color, flaccid, and watery. On several occasions the samples of 
Minhardi showed as much injury from freezing as Kanrcd or more. 

The differences which exist between plants in adjoining rows or 
in successive periods, in the ease with which wheat leaves give up 
water, partly explain why winterkilling in wheat is so variable under 
different seasonal and environmental conditions. Adjoining rows of 
wheat often differ noticeably in winter survival, and winterkilling is 
often irregular even within a short row. Temperature conditions 
fatal to wheat in one season may not be injurious in another. 

In the winter of 1923-24 the increased quantity of expressed juice 
during December coincided with a warm period in which the growth 
of the wheat was resumed and the hardening process reversed. The 
sudden drop in temperature which followed did not permit hardening 
to occur again before the plants were permanently frozen. The 
large quantity of expressed juice obtained during the winter of 1924 
probably was due to the abnormal seasonal conditions just described. 
In December, 1925, a gradually increasing quantity of expressed 
juice again was obtained, this time during continued cold weather. 
The increased quantity of expressed juice and the apparent coming 
out from the hardened condition which occurred in this season might 
be explained, however, in one or both of two ways. Probably some 
of the tissues were being killed and broken down, thus losing their 
power of imbibition. The more probable explanation is the increased 
effect of gradual freezing in the breaking down of protoplasm, men¬ 
tioned by Bayliss (6*), The plants were continuously frozen during 
December but the extent of freezing was increased by subjecting the 
tissues to the low temperatures of the hardening room. The in¬ 
creased freezing probably removed additional water from the proto¬ 
plasm to form ice. 

It was thought that some of the variation occurring in the samples 
might be due to methods of handling. One of the variables was the 
rate and manner of thawing the material. Usually samples were 
taken from the freezing room to the laboratory and allowed to thaw 
at room temperature, but occasionally they were placed on or near 
the radiator to speed up the process. Slight differences were ob¬ 
served in the quantities of juice expressed from the tissue warmed 
to room temperature or slightly above, when compared with similar 
samples which were barely thawed, 



510 


Journal of Agricultural Research 


Vol 35, No. b 


Samples of rye were collected December 22, 1925, and were sub¬ 
jected to repeated freezings and thawings for different periods. The 


treatments and results shown in Table 6 ir»rhV«-f o 

room temperature for a few houra and then freezing again oaus 


g to 
only 
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a slight increase in the quantity of juice expressed. The sample 
which was frozen and thawed three times yielded only 4.1 c. c. more 
juice per 100 gm. than the sample thawed but once. 

Table 6. —Average quantity of juice expressed, at SS9 atmospheres, from duplicate 
sample plants of Minnesota No. 2 rye collected on December 22, 1925, and sub¬ 
jected to different thawing and freezing periods before pressing, University Farm, 
St. Paid, Mvfin . 


Treatment 

Date of 
pressing 

Juice per 
100 gtn. 

Thawed and pressed at once.... 

Dec. 29 
_do_ 

C.c. 

25.3 
28 8 
33.9 

29.4 

Thawed 24 hours at room temperature and pressed..... 

Thawed 6 hours Dec. 29, returned to hardening room, thawed 6 hours, and pressed— 
Thawed at room temperature 6 hours Dec. 29, returned to hardening room; thawed 
at room temperature 6 hours Jan. 2, returned to hardening room; thawed at room 
temperature 5 hours and pressed..... . 

Jan. 2 

Jan. 19 



Table 7. —Quantity of juice per gram of dry matter held, after pressing at 389 
atmospheres, by frozen and unfrozen plants of three varieties of wheat and one 
variety of rye collected at intervals during the fall and winter of 1923-24, University 
Farm, St. Paul, Minn. 


Water held per gram of dry matter (grams) 


Date collected 

Frozen plants 

Unfrozen plants 

Minhardi 

Kanred 

White 

Winter 

Minne¬ 

sota 

No. 2 rye 

Minhardi 

Kanred 

white I 

Winter N ^ ye 

October: i 

19_' 




2.36 

2.37 

1.76 

1.66 

2.44 

1.99 
2.01 
1.90 

2.22 
2.63 
2.11 
1.75 

2.63 

1.94 

2.01 

1.99 

1.41 

1.53 

2.78 
3.44 

1.68 

2.22 

2.87 

2.53 

2.28 

2.20 

2 39 
2.47 

1.79 

2 50 

2. 56 
2.21 

2.16 
1.86 
1.78 
2.46 



23. 

1.12 
.27 

1 52 
.69 
.42 

0. 77 

13 

1.07 

.55 

.55 

.74 

.89 

1.06 
1.28 
1.09 
.78 

1 51 
1.67 
1.54 
.84 
.78 
.57 
.42 

.55 

.54 

.42 

.30 

.77 





27. 





November: 

1 . 





3...- 

6. 

0.35 

0. 92 

2 29 

2.70 

io. 

.68 

1.77 

1 41 
1.24 

74 

.69 

1.29 

1.77 
.94 
.88 

1.12 
.85 
.78 

.65 

.84 

.36 

.80 

24 

.17 

.89 

2 20 

2 69 

13__ 

17... 

.60 

1. 55 

2 60 

2 .63 

20 . 

24. 

.79 

.67 

2. 52 

1.87 

27. 

December 

1____ 

1 34 

1.78 

2.47 

2.15 

4 . 

8. 

.66 


2,02 


11 



15 

.57 

.27 

.40 

.34 

.58 

.64 

.39 

.49 

1.03 


1.05 

1.70 


22 



29 



January: 

5 






12 












February: 

12 





23 





March: 

K 

1 

.34 1 .72 

.93 .72 

.28 1 .44 





27 





May: 

17 






\ yofrt.gtt 






.874 | .796 



2.039 

2.343 









Duplicate samples of Kanred wheat collected November 4, 1925, 
during a mist, were left in the laboratory for 20 hours before being 
placed in the hardening room. These samples had a moisture 
content only about 2 per cent higher than that of the samples col- 
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lected the following day and taken to the hardening room immedi¬ 
ately, yet they yielded an average of 59.2 c. c. of juice per 100 gm. 
of tissue, as compared with 21.7 c. c. of juice per 100 gm. of tissue 
from the latter. Fermentation, which had begun before the first 
samples were taken to the hardening room, apparently had de¬ 
stroyed the colloidal imbibition of the protoplasm. 

rdetermination of the juice expressed per 100 gm. of fresh tissue 
does not give an exact measure of the imbibitional capacity of the 
protoplasm, because the tissue varies in moisture content. The 
quantity of water held per gram of dry matter after pressing at 339 
atmospheres pressure has been calculated, therefore, and the results 
are presented in Tables 7 and 8. With frozen samples, the placement 
of varieties or collections is about the same for this relationship as 
for the quantities of juice expressed per 100 gm. of tissue. On 
unfrozen samples, however, there is little or no correlation between 
the quantities of juice held and the hardiness of the varieties. Be¬ 
cause of their lower initial moisture content, unfrozen tissues of 
Minhardi wheat usually held less juice after pressing than those of 
Kanred. 


Table S. —Average quantity of juice per grain of dry matter held, after pressing at 
339 atmospheres , by duplicate samples of frozen plants of four varieties of wheat 
and one variety of rye collected at intervals during the fall and winter of 1925-36, 
University Farm, St. Paul, Minn. 


Water held per gram of dry matter (grams) 


Date collected 


Minhardi 


Kanred 


White 

Winter 


Marquis 


Minnesota 
No. 2 rye 


October: 
12 — 

16_ 

20 — 
24. 
2S„. 


November 

5_ 

9. 

13. 

17. 

21 _ 

25 

2S‘”I‘ 

December: 


31. 

15 


30... 

January: 


16, 

22. 

30, 


May. 


4. 


Average. 


0.81 
1 30 
1.68 
1.3S 
1.40 
1.07 


1.78 
1.02 
1.01 
1.19 
1.14 
1.35 
1 08 


0.44 
.68 
1. 64 
X. 25 
1.48 
1. 09 

1.68 
.97 
.85 
1.33 
1.17 
1.67 
1.17 


0.55 

0.66 

.61 

.68 

1.42 

1.03 

.96 

.50 

1.12 

1.14 

.77 

.71 

1.26 ! 

.88 

.85 

.54 

.86 

.60 

1.20 

. 68 

.91 

.69 

1.35 

.80 

.99 

.88 


1.11 
1.70 
1 46 
1.10 
1.18 
1 08 


.98 
1.61 
.80 
1.24 


1 25 

1 13 

.92 

1. 78 

1.34 

.88 

1. 75 

1.22 

.86 

1.41) 

.78 

.58 

1.27 

1.04 

.73 

1.37 

.75 

.57 

.88 



1.07 

.70 

. 60 

.70 



1.12 

.82 

.32; 


.48 ) .61 

1.206 1 1 196 


0,47 
.98 
2.36 
1.49 
1 56 
1.58 


2 18 
1.51 

1. 50 
1.87 
1.62 

2. 27 
1.51 


1.91 
2 31 
2. 30 
2 17 
1.61 
1.76 


1.07 
2.29 
1.11 
1.88 

.64 


1.667 


Freezing-Point Depression of Expressed Juice 

The freezing-point depression of the expressed juice from the frozen 
plants of wheat and rye was determined in both years of the investi¬ 
gation. The results for 1925-26 are from duplicate samples. The 
data are pi*esented in Tables 9 and 10 and are shown graphically in 
Figures 8 and 9, * 1 J 
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Table 9. — Freezing-point depressions of the juice expressed from frozen plants of 
three varieties of wheat and one variety of rye collected at intervals during the fall 
and winter of 1923-24, University Farm, St. Paul, Minn. 


Date collected 

Freezing-pomt depression (°C.) 

-Minwrii ' TTnnrpri 1 White Minnesota 
Mmnardi | Kanred i Winter , Ko 2 ryo 

October: 

• 23... 

1.11 i 1. IS 

. 87 1 .80 

, 

27__. 


November: 

1 ... 

1.57 i 1.47 

1.67 1.48 

1 69 , 1.43 

1.68 1.51 

. 97 ! 1.01 

1 32 , 1.35 

1.35 | 1 27 

i. u ; 1.03 

1.71 | 1.49 

1.60 1.30 

1.42 ■ 1.32 

1.67 1.51 

2.11 2.03 

1.86 i 1.99 

: 

3...... 

1.47 ; 1 48 

6 ... 

10 ..... 

1.42 . 1.38 

13..... 

17...... 

1.30 1 1.26 

20 .. 

24...;... 

27. 

1.20 i 1.10 

December. 

1 ... 

1 34 1.20 

4.... 

8 ..... 

1.56 '. 

11 .. 

! 

15. 

i. 97 '. 

22 ... 

1.34 
1.77 

1 60 
2.17 

2.16 

1. 30 

1.25 
1.33 

1.53 

1.85 

1.26 

1.15 

1 18 |._. 

29... 

1 38 . 

January: 

5....... 

1.55 ... 

26..... 

1.70 . 

March. . I 

8 ... ... 

.60 .. 

May: 

17........ 

i 

Average. j{ j-aoTO 

1.388 
±0 042 

1.389 \ 

±0.062 \ 


Table 10. —Average free zing-point depressions of the expressed juice from plants of 
four varieties of wheat and one variety of rye collected at intervals during the fall 
and winter of 1925-26, University Farm, St. Paul, Minn. 


Freezing-point depression (°C.) 


uate eonectea 

Minhardi 

Kanred 

i 

White ‘ 
Winter ; 

Marquis 

Minnesota 
No. 2 rye 

October: 

12... 

1 25 

1,15 

1.06 i 

0.99 

1.11 

16..... 

1.17 

1.17 

1.03 1 

.99 

1.16 

24... 

1. 36 

1.29 

1.24 1 

1.11 

1.21 

28. 

1. 55 

1.42 

1.40 ! 

1.58 

1.50 

31..... 

2.21 

2.19 

2.07 : 

2.15 

2.10 

November: 

5... 

.98 

1.06 

1.13 

1.02 

.9! 

9... 

2. 13 

2.14 

2 01 

1.83 ! 

2.17 

13... 

1.58 

1 43 

1 46 

1.54 

1 1.37 

17. 

1. 70 

1.72 

1.76 

1.96 

i 1.71 

21.... 

1.57 

1.44 

1.51 

1 58 

1.42 

25.... 

1.69 

1.62 

1.86 i 

2.12 ! 

1.41 

28. 

1.90 

1.80 

1.90 

2.17 

1.77 

December: 

2... 

2.05 

1.89 

2.03 

1.90 

1.66 

7... 

1.14 

1 18 

1 36 

1.47 

1.13 

11..... 

1.21 

1.20 

1.29 

1 03 | 

1.19 

15... 

1.39 

1.36 

1.36 

1.15 1 

1.37 

22... 

1 99 

2 03 

2.0G 

1.19 ] 

1.55 

30... 

1. 88 

1.85 

1.93 

1.33 

1.74 

Average (first 18 samples).. 

1.597 

1.552 

1.581 

1.506 

1.471 


January: 

7. 

1.45 

1.43 



1.29 

22. 

1. 47 

1.33 



1.29 

May: 

4... 

1.11 

1.04 



1.08 




Average ®..... 

j 1.584 

\ ±0.052 

1 535 
±0.051 | 

1.581 

±0.057 

1.506 
±0.066 

1.453 

±0.048 



Not including samples collected May 4. 

68829—27-3 
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The juice of the Minhardi variety had an average freezing-point 
depression greater than that of Kanred and White Winter in 1923-24, 
but about the same as White Winter in 1925-26. The juice of rye 
usually had a lower freezing-point depression than any of the wheats. 
The freezing-point depression, although fluctuating, tended to in¬ 
crease during the autumn, fluctuated during the winter, and then 

decreased in the spring 
after growth was well 
begun. The freezing- 
point depressions of 
the wheat varieties ob¬ 
tained during the first 
three collections of 
1925 and also most of 
the early collections 
of 1923 were in the 
direct order of hardi¬ 
ness. Later in the 
season the more ten¬ 
der varieties were so 
low in moisture con¬ 
tent that the juice 
was much more con¬ 
centrated. The freez¬ 
ing-point depression 
of winter-wheat juice 
seems to depend upon 
the moisture content 
of the tissue, the quan¬ 
tity of soluble mate¬ 
rials elaborated, and 
the quantity of im¬ 
bibed water. When 
the plants are hard¬ 
ened, or partly so, and 
a complete and repre¬ 
sentative sample of 
juice can not be ob¬ 
tained by freezing and 
pressure, a freezing- 
point depression of the 
juice obtained is not a 

measure of the hardiness of a variety of wheat. When hardening or 
wilting has not occurred, the freezing-point depression of the plant 
juice is a fairly reliable measure of hardiness in the wheat varieties 
studied. 

Total Solids in Expressed Juice 



Fig. s .—Freezing-point depression (°C.) of the juice expressed fiomtbc 
frozen leaves of Kanred and Mmhardi wheats collected at intervals 
during the autumn and winter of 1923-24, University Farm, St. Paul. 
Minn. 


The percentage of total solids in the expressed juice, as measured 
by the Abbe refractometer, was determined from both frozen and 
unfrozen samples in 1923-24. The results are given in Table 11 
and are shown graphically in Figure 10. Higher percentages of 
solids nearly always were present in the juice from frozen plants. 
Considerable variation existed in the juice from plants collected on 
difterent dates, due to variations both in juice concentration and in 
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the quantities of juice expressed. The percentage of total solids in 
the juice was higher in Minhardi than in Kanred, and higher in 
Kanred than in White Winter. The hardier the variety the higher 
« was the content of total solids in the juice on most dates and as an 
average. Rye juice usually had a lower content of total solids than 
that of any of the wheats. The total solids determined consisted of 
material in both molecular and colloidal solution, but probably 
mostly the former.. The higher percentage of total solids in hardy 
varieties probably is due largely to the lower moisture content, and 
the increase in total solids during hardening both to decreased 
moisture content and to the increase in soluble carboh 3 r drates and 
nitrogen compounds. The higher percentage of total solids in the 
frozen tissue shows that the disorganization of the protoplasm by 
freezing causes a release of soluble material not obtained by pressure 
without freezing. The juice obtained from the unfrozen tissue 
probably came largely from the vacuoles. 

Table 11. —Total solids in the juice, expressed at 3S9 atmospheres pressure, from 
unfrozen arid frozen plants of three varieties of wheat and one variety of rye col¬ 
lected at intervals during the fall and winter of 1923-34, University Farm, Si, 
Paul, Minn. 


Total solids (per cent) 


Date collected 

Unfrozen samples 

Frozen samples 

Mm- 

bardi 

Tvnnrprl White 
Kanred Wmter 

Min¬ 
nesota 
No. 2 
rye 

Mm- 

hardi 

Kanred 

White 

winter 

Min¬ 
nesota 
No. 2 
rye 

October: 

19. 

8.8 

13.6 

3.6 

13.5 
13.0 

10.5 

9.3 

11.6 

2.7 

S.O 

11.0 

8.5 




| 


23___. 



11.2 

9.0 

18.0 

15 0 
16.5 

16.5 
11.0 

12.5 

14.5 
12.0 

16.5 

13.0 

10.5 
18.0 

19.5 
18.0 
13.0 

15.5 

12.3 

14. S 

16.5 

12.5 
10.7 

18.0 

11.0 

4.2 

10.0 

7.0 

17.5 

13.8 
14.0 

14.3 

10.5 

12.3 

13.3 
10.0 

14.5 

10.0 

9.0 

14.0 

18.5 
20.0 
12,0 
10.0 

11.0 

11.0 

11.8 

12.9 

8.5 

10.0 

9.5 

6.3 

. 


27®. 





November: 

1. 





3. 

6. 

9.0 

10.0 

12.3 1 13,5 

I 

10.-. 

10.5 

9.5 

12.0 

11.0 

8.0 

9.5 

9.5 
10.0 
12.7 

15.5 

19.5 
14.0 

10,5 

10.0 

10.4 

11.0 

9.5 

10.5 

7.0 

10.0 

11.3 

13.0 

16.5 
14.0 

11.0 

11.0 

13.8 

13.5 

13. 

17. 

12 5 

10.0 

11.2 

11.3 

20. 

24. 

8.3 

S.0 

11.0 

11.0 

27. 

December: 

l. 

7.5 

5.4 

10.0 

8.0 

4. 

8. 

10.0 


15.0 


11. 



15. 

15.0 

8.0 


18.0 

11.5 
13.0 

12.1 

10.5 

11.6 

6.5 

11.5 

6.0 


22. 



29. 



January 

5. 






12. 

! 

1 


26. 


1 


February; 

12. 



! 


26. 






March: 

8. 






27 . 






May: 

17 


_ 





Average _ _ 


. 



i 



f 11.389 
\ ±0.524 

10.267 

±0.447 

\ . 


/ 13.854 

1 ±0.460 

11.988 

±0.426 

11.600 
±0.496 

}. 


/. 


J 


Samples gathered on Oct. 27 contained excess moisture due to snow. 
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Bound Water in Expressed Juice 

The determination of bound water was made in 1923-24 on juice 
from frozen samples only. The average percentage of bound water 
in the juice of Minhardi, Kanred, and White Winter varieties varied 
directly with hardiness. Rye juice showed a bound-water content 
greater than that of wheat on some dates and less on others. There 
was extreme irregularity in the quantities of bound water present.,. 
The quantity depends both on the binding power of the colloids iir 
the cells and on the quantity of colloidal material which is removed 
in expressing the juice. Probably the effect of freezing on the precipi¬ 
tation and dispersion of the colloids also has some effect. The plant 
tissue was not macerated before pressing, so it is unlikely that the 
colloids in the juice represent the colloidal conditions within the cells. 
The fluctuations in the percentage of bound water in the juice obtained 
by the method used render this test of little value in measuring hardi¬ 
ness. The data on bound water are given in Table 12 and are shown 
graphically in Figure 11. 

Table 12. — Bound water in the juice expressed from the frozen plants of three 
varieties of wheat and one variety of rye collected at intervals during the autumn 
and winter of 1923—24, University Farm, St. Paid, Mvnn, 


Bound water (per cent) 


Date collected 


October. 

23-. 

27. 

November. 

1 _ 


3—. 
10.. 

13.. 
17- 
20 -. 

24.. 


Minbardi 


5 8 
6.5 


December: 

1 _ 

4 . 

5 . 

11 . 

13- 

22 

29-1”-’- 

January: 

5. 

26. 

March: 

8 . 

May: 

17. 


Average- 


9.7 


16 6 
15.4 

8.3 

6.5 

4.7 
7 3 
17.1 
14 2 

3.5 
3.5 
8.0 

3.9 

7.3 

16.3 

11.9 


8.763 
±0. 768 


Kanred 


1.1 


7. 

± 0 . 


White 

Winter 


1.9 

8.0 


11.1 

2.7 


5.0 


6.9 


6.9 
5.0 
6 9 

6.5 


Minnesota 
No. 2 rye 


13.9 

""s'o 


8.0 

10.4 


6.090 j J 


±0. 532 | 


Correlations Between Characters Used to Measure Hardiness 

In order to determine the relation of the results obtained in the 
various tests on the wheat and rye samples, correlation coefficients 
were calculated.^ The variables used were from the average of dupli¬ 
cate determinations made in 1925-26 and from single determinations 
made in 1923-24, except that the moisture-content determinations of 
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Table 13. —Correlation coefficients between physical factors of plants of four varieties 
of wheat and one variety of rye collected at intervals during the autumns and winters 
of 1923-24 and 1925-26 , University Farm, St. Paul, Minn. 


Correlation coefficients (r) between— 


Factor and variety 

Juice 
expressed 
(cubic 
centimeters 
per 100 gm.) 

Freezing 
point 
depression 
° C. 

Percentage of 
total solids 

Percentage of 
bound water 

Frozen samples, 1923-24 

Moisture content (per cent): 

Minhardi..__ 

+0.3134=0.119 
4* . 533=4 . 095 
+ .654dt . 100 

-0.4624:0.113 

- . 304=1= . 131 

- .0944= . 193 

4- . 0794= . 143 

- . 102=4 . 142 

- . 4054= .163 

-0.3514=0.116 

- . 0084= . 132 

- . 2054= . 167 

- .2044= .127 

- .1074= . 131 
-1- . 1694= . 169 

4- . 754=4 .062 
4- . 7824= . 056 
4- • 8734= . 046 

-0.1684=0.150 
4~ .2744: .140 

- . 1924= . 205 

- . 0174= . 155 
4' .1514= .147 

- . 0454= . 213 

4- . 1664= . 150 

- .2764= . 139 
4- . 1604= . 208 

+ . 0944: . 153 

- .5334= . 108 
4~ . 2254= . 202 

Kanred..... 

White Winter. 

Juice expressed (cubic centimeters per 100 
grains): 

Minhardi. 

Kanred. 


White Winter... 


Freezing-point depression (° C.): 

Minhardi... 


Kanred... 

1 

White Winter.-. 

i 

Total solids (per cent): 

Minhardi_ __ _ 

; 

Kanred__ 

.,. 


White Winter.. 

i 


Unfrozen samples f 192S-24 

Moisture content (per cent) : 

Minhardi_ZJ... 

+ • 5614= . 109 
4- . 4774= .123 
+ . 2804= . 220 


- .3364= .141 

- . 1104= . 156 

- . 6344b . 143 

- . 1604= . 155 

- .3124= .144 

- . 1914: . 230 

Kanred____ 

;; ;. 


White Winter... 



Juice expressed (cubic centimeters per 100 
grams): 

Minhardi..... 



Kanred__ ... 



White Winter..... 

j 


Frozen samples, 1923-26 

Moisture content (per cent): 

Rye. 

4- . 7174= . 068 
+ . 6964: . 073 
4- . 734=4 . 065 
4- - S6S4= . 036 
4- ■ 897=4 . 029 

- .757db .064 

- .827=4 .049 

- .805=4 .053 

- . 674=1= .087 

- . 624=4 . 097 

- . 3884: .128 

- .310:4 .136 

- 3874- . 128 


Minhardi.. 



Kanred. 



White Winter.... 



Marquis.. 



Juice expressed (cubic centimeters per 100 
grains): 

Rye. 

i 

i 


Minhardi.. _ 




Kanred.. 




White Winter.. 


- .8114= .054 

- . 6704= . 088 



Marquis. 




I 

.1 




Table 14. Calculated correlation coefficients between the quantity of juice held 
against freezing and pressure and moisture content of plants of Kanred and Min - 
hardi wheats 


' Correlation coefficients (r) 


Variety 

Frozen 

samples 

Unfrozen 

samples 

Kanred . 

n qqq i n 

A QfiQ-i-A Aon 

Minhardi. .i 

noj. iq-i 

U. oUosU. (Jot) 

At i A 


. ilz=fc . J.01 

. Vlurk „ u2o 
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While the correlation between moisture content and juice held 
against expression is positive, it is too small in the frozen samples to 
be significant. With the unfrozen samples, on the other hand, the 
correlation coefficients of 0.898 and 0.916 indicate that the moisture 
content probably is the chief factor in determining how much juice 
can be expressed from the tissues. If the tissues are sufficiently 
wilted, no juice can be expressed from the samples at the pressures 
used. 


The correlations between the quantity of juice expressed and the 
moisture content of the frozen samples in 1925-26 are much higher 


than in 1923-24. It 
will be observed that 
the values of the cor¬ 
relation coefficients 
in the wheats in both 
seasons are in the 
inverse order of 
hardiness. The re¬ 
gression coefficients 
for the samples of 
1925-26 were calcu¬ 
lated, and the regres¬ 
sion lines for the 
moisture contents for 
given quantities of 
juice expressed are 
shown in Figure 12. 
By extrapolating the 
regression lines some¬ 
what beyond the 
limits of the data, the 
approxim a te m o i s- 
ture content at which 
no juice could be ex¬ 
pressed at 339 atmos¬ 
pheres pressure after 
freezing is shown. 
These theoretical 
moisture contents at 


OCTOBtt S/GA'SAfBSe 0£C£M££& U4M6W/PY F/EB&LM&y 



Fig. 10—Percentage of total solids in the juice expressed from frozen 
and unfrozen leaves of Kanred and Minhardi wheats collected at 
intervals during the autumn and winter of 1923-24, at University 
Farm, St. Paul, Minn. 


which sap can not be expressed are in the direct order of the hardiness 
of the varieties, except that Kanred and Minhardi are reversed. This 
shift is the result partly of an occasional larger juice yield from 
Minhardi than from Kanred late in the "season, but chiefly of the 
lower average moisture content of Minhardi and its ability to thrive 
at a considerably lower moisture content. 

Partial correlation coefficients were calculated on some of the 


factors, to compensate for the variation in the moisture content of the 
samples. These coefficients are given in Table 15. The partial 
correlation coefficients between juice expressed per 100 gm. of tissue 
and freezing-point depression are not significantly different from the 
gross correlation coefficients for 1923-24. Slight positive but not 
significant partial correlations between juice expressed and bound 
water were obtained in all three varieties; the higher the correlation 
the less hardy is the variety. It is still apparent that bound water in 
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the juice expressed from unground frozen tissue has little direct 
relation to imbibition pressure in the tissues, but the trend, of the 
partial correlation coefficients indicates that the more the tissue is 
broken down in freezing and pressing the more colloidal material the 
juice will contain. 


Table 15 . — The gross correlation coefficients for juice expressed per 100 gm. of tissue 
with freezing-point depression and hound water and the partial correlation coeffi - - 
dents (assuming that the moisture content is held constant ) obtained on wheat 
and rye in 1983-24 and 1925-26 


Season and variety 


Season of 1923-24 

Minhardi. 

Kanred. 

White Winter. 
Season of 1925-26: 

Kye_. 

Minhardi. 

Kanred. 

White Winter. 
Marquis. 


Correlation coefficients for juice expressed per 100 grams of tissue 


s 

Gross coirelation coefficients j 

1 

Partial correlation coefficients ® 
(moisture content constant) 

Freezing-point 
depression (rzj) 

I 

; Bound water 

(rw) 

Frcezing-pomt 
depression ( 123 . 1 ) 

Bound water 
V 24 . 1 ) 

+0.079 
- .102 
- .405 

-0. 017 
+ . 151 
; - .045 

+0.2G5 
+ .198 
- . 456 

+0.004 
4- .001 
+ . 109 

- .388 

- .310 

- .387 



4* .340 
+ .641 
4- .506 

- .811 
- .670 


- .616 
- .319 


° Partial correlation coefficients were computed by the formula: r23-i ~ 


r 23 —0*12X7*13) _ 

VP® Vl—r*l3 


.The nonhardy varieties, Marquis and White Winter, had much 
higher gross correlations between juice expressed and freezing-point 
depression than the more hardy varieties, Minhardi, Kanred, and 
Minnesota No. 2 rye. This showed that the quantity of juice ex¬ 
pressed from the less 

ocr& 3 ££hardy varieties de¬ 
pended more upon 
the moisture content 
than in the case of the 
hardy varieties, and 
that the lower the 
moisture content 
the greater was the 
freezing-point 
depression. The 
hardy varieties, 
being able to harden, 
did not yield their 

Fig, 11 .— Percentage of hound water in the juice expressed from frozen > 

leaves of Kanred, Minhardi, and White Winter wheats collected at &S a rule, and tllUS 

?t“lS thea “ andwmterof 1923 ~ 24 ’ Umversity Farm ' the concentration or 
. . . . freezing-point de¬ 

pression of the juice varied both with the moisture content of the 
tissue and in the extent to which the tissue was broken down in freez¬ 
ing and pressing. The partial correlations, assuming moisture con¬ 
tent to be constant, still show the freezing-point depression of the 
juice of the two nonhardy varieties, Marquis and White Winter, to 
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be negatively correlated with the quantity of juice expressed, while 
in the juice of the three hardy varieties, Minhardi, Kanred, and Min¬ 
nesota No. 2 rye, these two factors are positively correlated. These 
results may be merely chance differences, as such relationships were 
not obtained in the 1923-24 samples. On the other hand, they may 
indicate that hardy varieties usually yield the more dilute vacuolar 
sap, but as the protoplasm is broken down, juice which contains more 
dissolved material is expressed. The nonhardy varieties are almost 
completely broken down by the freezing at all times, and it appears 
that the more completely the juice is expressed the more dilute it 
becomes. 

Rate of Respiration at Low Temperatures 


^3Q\ 




were grown in 


dazed 


eo es 7o 7S so 




rx 









KSMi 







KS 

sn 







\ 
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■ | 

Hi 








as 


The results obtained by Govorov (IS) indicated that hardy wheats 
and ryes respired less than nonhardy varieties at low temperatures. 
Newton (36) found ^ 
that hardy varieties ^ 
retained their sugars 
throughout the win- ~ 
ter more completely 
than the nonhardy ^. 
varieties. Experi- jjjr 
ments were under¬ 
taken by the writer 
to determine wheth¬ 
er these sugars were 
used up as the result 
of a greater rate of 
respiration. Plants 
of wheat and rye 


Fig. 12.—Regression lines for the mean values of moisture content 
plotted against the quantity of juice expressed per 100 gin. of frozen 
leaves of four varieties of wheat and one variety of rye 


pots in the green¬ 
house. Before start¬ 
ing a pot of plants 
in the respiration ex¬ 
periment, the soil was sealed over with a half-and-half mixture of 
vaseline and liquid paraffin, which, after melting, could be poured 
at a temperature of 40° to 45° C. on the soil and around the bases 
of the plants. The cover was then placed over the plants with its 
edge resting on the seal inside the pot. The space between the 
cover and the pot then was sealed. The pots were first placed in 
the chamber at 5° C., and when the rate of respiration had been 
determined they were transferred successively to. other chambers 
with temperatures of 0°, —5°, and —10° C., respectively. After the 
pots had come to a temperature equilibrium in a chamber, 8 to 12 
hours being allowed, the CO 2 present was removed with a stream 
of air from which the C0 2 had been removed, and the plants were 
alowed to respire. The gradual reduction in temperature permitted 
the winter varieties to survive the final temperature of —10° CL, 
but the spring wheat Marquis did not survive. . The winter, varie¬ 
ties showed growth after passing through the respiration experiments 
and being cut off just above the wax seal. This indicated that the 
seal used was not toxic. The data obtained in the respiration experi¬ 
ment are presented in Table 16. 
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Table 16.— Quantity of CO 2 respired by plants of four varieties of wheat and one 
variety of rye placed successively in chambers at four different temperatures 


Variety and sample 

Milligrams of CO 2 respired per hour per kilo¬ 
gram of dry matter at— 

Van’t-Hoff 
coefficient 
-10° to 

0 ° c. 

5° C. 

0 ° O. 

—5° C. 

-10° C. 

fl.J 

126.4 

313.0 

221.2 

66.3 

4.7 

Minhardi.....-^2.. 

320. 5 

142 2 

163.0 

60.8 

2.3 

13- 

435.0 

322.6 

120.9 

65.7 

4.9 

Average..... 

294.0 

259.3 

168.4 

64.3 

4 0 

[i- 

351.5 

299.5 i 

141.4 

88.3 

3.5 

Kanred.....*2__ 

323.9 

270.6 

243.3 

185.5 

1.4 

Is.. 

258.7 

200.2 

181.2 

92.1 

2.2 

Average----- 

311.4 

256.8 

188 6 

122.0 

2.4 

fi- 

473. 5 

306.7 

219.3 

217.1 

1.4 

Red Rock__ _;2._ 

150.7 

37.7 

31.3 

21.9 

1.7 

13- 

357.4 

203.2 

173 4 

49.8 

4.1 

Average____ 

327.2 

182 5 

141.3 

96.3 

2.4 

fl~ 

514.9 

261.6 

143.3 

53.0 

4.9 

Marquis__<2__ 

475.0 

316.5 

225.0 

53.9 

5.9 

13- 

325.5 

143.0 

193.8 

44 0 

3.3 

Average. ____ 

438.5 

240.4 

187.4 

50.3 

4.7 

fl- 

672. 7 

689.6 

106.5 

30.1 

22.9 

Rye..*2__ 

359. 5 

433.0 j 

158.5 

58.2 

7.4 

13.. 

442.8 

428.2 

232.4 

124 0 

3.5 

Average. 

491 7 

516.9 i 

165.8 

70.8 j 

If. 3 


At the higher temperatures, 5° and 0° C., rye showed the greatest 
rate of respiration. Marquis, a spring wheat, showed the second 
greatest rate of respiration at 5°. The low respiration of Minhardi 
in the first experiment at 5° C. can not be explained. A plant adjust¬ 
ment may hare been taking place, or possibly the temperature or 
air-circulation controls were temporarily out of order and this was 
not detected. The latter possibility does not seem likely, however, 
as the quantity of C0 2 respired by the Minhardi plants at 5° C. 
agreed very closely during two successive periods, indicating an actual 
depression in respiration. 

At the low temperature of —10° 0. the quantity of CO 2 obtained 
per kilogram of dry matter in the winter varieties was in the inverse 
order of hardiness. The low rate of respiration of Marquis at —10° 
C. probably was due to the plants having been killed while the winter 
wheats and rye were not. The Van't-Hoff coefficients calculated for 
the range of —10° C. to 0° C. show that the increase in respiration 
between these temperatures was in the order of hardiness of the 
winter grains. The results, especially those with rye, indicate that 
hardy varieties are able to conserve their carbohydrates at low 
temperatures to a much greater extent than are the nonhardy. 

DETERMINATION OF LETHAL TEMPERATURES FOR WHEAT 

The accidental killing of two of the four varieties of wheat growing 
in pots in the greenhouse when they were placed outside to harden 
showed that varieties differed in their ability to withstand low tem¬ 
peratures without previous hardening. Experiments were then begun 
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to determine the lethal temperatures of wheat and rye taken directly 
from the greenhouse and also to determine the protection afforded 
by previous exposure to different low temperatures before subjecting 
them to temperatures likely to kill. The results obtained are shown 
in Table 17. 

The tests in 1924 were made in the large refrigeration chamber be¬ 
longing to the division of entomology of the University of Minnesota, 
and those in 1926 were made in the ice-cream cabinet used for the 
respiration experiments. 

Table 17 .—Rye and wheat plants killed by exposure to various temperatures during 
various periods in 1924 and 1926 


Plants killed (per cent) 


Temperatures (° C.) and duration 
of exposure 

Minnesota No. 2rye j 

'S 

cS 

A 

d 

§ 

, 

© 

5 

K 

Fulcaster 

. 

Dawson 

lied Rock 

White Winter 

« 

3 

«3 

M 

< 

c5 

M 

d 

M 

3 

s 

3 1 

cS ! 
•o ; 

£ 

*2 

c 

>—i 

1 

s§ 

xjj 

Cl 

§ 

\A 

RESULTS IN 1924 






! 





—4° 24 hours.... 






1 

0 




—S° 24 hours_ ... . .. 

0 

0 

o 



_i 96 

100 




—10° 24 hours. 

100 

100 

100 



! mo 





—12° 24 hours. _ __ 

100 

100 



; i 



-12° to —15° 24 hours 

inn 

100 

100 



| ; 



—15° 24 hours_ _ __ . 

100 

100 

100 



l 



1° 72 hours, -8° 36 hours, -12° 12 





, 





hours_ _ _ _ . 


50 

100 







55.3 

1° 72 hours, -8° 36 hours, -9° 12 






' 


• 


1 

hours____ 


18 

6 



_ 100 




62.6 

3° to 6° one month, —10° 24 hours. _ 






_' 100 _._ 



3° to 6° one month, —15° 24 hours. _ 

100 

100 

100 


_;_ 



! 

RESULTS IN 1926 











—10° 48 hours. 

100 





ICO 1 . 





—7° 24 hours.... 

0 


0 

50 


0 ! 100 

100 

. 

100 



—5° 24 hours. _ _ _ 



5 



. 1 0 

100 

100 

100 


—5° 24 hours (old plants) 1 






0 




—4° 24 hours... . 


0 



_! o 

0 

0 

0 


5° 48 hours,—10° 24 hours _. ! 

50 









0° 48 hours, —10° 24 hours ! 

20 









—6° 48 hours. —10° 24 hours i 

SO 



1 | 

_ 



0° 48 hours, —5° 24 hours, —7° 48 






1 





hours 

20 

0 

39 

100 

100 






—7° 24 hours (wilted plants) 

0 


0 



___ 

. ! . 

__ 



—7° 24 hours (not wilted) 1 

100 


300 



_ 1 . 










! 





All varieties of wheat and rye tested were killed by an exposure 
for 24 hours to temperatures of —10° 0. or lower after being taken 
directly from the greenhouse. The Minnesota No. 2 rye and the 
Minhardi and Kanred wheats completely survived temperatures of 
— 8° C. for 24 hours, while 96 per cent of the White Winter and all 
of the Marquis plants were killed. At — 7° C. for 24 hours the rye, 
Kanred wheat, and one pot of Red Rock wheat survived completely. 
One lot of Fulcaster was completely killed at the — 7° C. tempera¬ 
ture, but another lot completely survived although showing severe 
injury. White Winter, Marquis, and Kubanka were completely 
killed at —7° C. At — 5° C., Kubanka and Hard Federation spring 
wheats were completely killed. Two lots of Marquis also were 
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completely killed at this temperature, although one pot containing 
older plants survived completely at this temperature. White Winter 
complete!} 7 survived a temperature of — 5° C., as also did all lots of 
Kanred but one, which showed some injury. Plants of Marquis, 
which were starting to head, completely survived a temperature of 

— 4° C. for 24 hours. Plants of Marquis, Hard Federation, Kubanka, 
White Winter, and Kanred, which had not quite reached the jointing 
stage, completely survived a temperature of —4° C. for 24 hours. 

In tests with Minhardi -wheat at 0° C. for 48 hours, 80 per cent 
survived, while at — 5° C. for 48 hours only 20 per cent of the plants 
survived. A previous exposure to 5° C. for 48 hours enabled half of 
the plants to survive —10° C. for 24 hours. In tests in which the 
temperatures successively were 0° C. for 48 hours, — 5° C. for 24 
hours, and — 7° C. for 48 hours, 20 per cent of the rye, 39 per cent 
of the Kanred, and all of the Fulcaster and Davrson, but none of the 
Minhardi plants, were killed. In other tests, in which the tempera¬ 
tures used were 1° C. for 72 hours, —8° C. for 36 hours, and —12° C. 
for 12 hours, half of the Minhardi and all of the Kanred plants were 
killed, while with temperatures of 1° C. for 72 hours, —8° C. for 36 
hours, and — 9° C. for 12 hours, 18 per cent of the Minhardi plants, 
6 per cent of the Kanred plants, and all of the White Winter plants 
were killed. Plants of White Winter kept for about a month at 
3° to 6° C. could not withstand — 10° C. for 24 hours, nor could rye, 
Minhardi, and Kanred, kept under the same conditions, survive 

— 15° C. for 24 hours. 

No consistent differences could be observed in the hardiness of 
wheat seedlings grown in the greenhouse and varying in age from 
6 weeks to 4 months. 

Plants *of Minnesota No. 2 rye and Kanred wheat, which were 
severely wilted owing to a lack of soil moisture, recovered completely 
from a freezing of —7° C., while unwilted plants of the same varieties 
liberally watered were completely killed by this temperature. 

HARDINESS OF PLANT PARTS 

Plant parts differ in their ability to withstand freezing or desic¬ 
cation, as shown by Schander and Schaffnit (SO), Schaffnit (48), 
and Chandler (9). When wheat plants are frozen the tips of the 
oldest leaves show the first injury and wilting, but at extremely low 
temperatures the entire leaf is wilted. Injury progresses in a given 
plant from the older to the younger leaves, upon exposure to succes¬ 
sive intensities of cold. The same effect occurs in a series of plants 
each held at one of a series of constant low temperatures. The crown 
containing the meristematic tissues is the most hardy part of the 
wheat plant, at least of the portion above the soil surface. Under 
severe winter conditions all of the wheat leaves die, but if the crown 
is alive recovery takes place. 

. In order to determine whether or not all parts of the plants had 
similar physicochemical properties, different portions of the plants 
were tested separately on one date in 1923 for moisture content, 
expressed juice, total solids in the juice, freezing-point depression of 
the juice, and bound water in the juice, and on two dates in 1925 for 
moisture content, expressed juice, and freezing-point depression. 
The results of these determinations are given in Table 18. 
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Table 18 .—Moisture content , juice expressed, total solids in the juice , freezing- 
point depression of the juice, and hound water in the juice obtained from plant 
parts of wheat and rye in 1923 and 1925 , University Farm, St. Paul, Minn. 


Variety, date of collection, and plant parts 


Mmhardi wheat, Dec. 1,1923. 

Leaves, unfrozen. 

Hoots and crown, unfrozen.. _ 

Leaves, frozen. 

Roots and crown, frozen. 

White Winter wheat, Dec. 1,1923 

Leaves, unfrozen.... 

Roots and crown, unfrozen... 

Leaves, frozen.. 

Roots and crown, frozen.. 

Kanred. wheat, Nov. 5, 1925: 

Crown, frozen. 

Young leaves, frozen. 

Old leaves, frozen__ 

Minn. No. 2 rye, Nov. 18, 1925. 

Roots, frozen. 

Crown, frozen. 

Young leaves, frozen. 

Old leaves, frozen__ 


| | i 

j Juice ex- i 1 

! | pressed per Total \ Freezing- 

; Moisture, 100 grams ! solids m 1 point de- 

i at 339 i juice pression 
I atmospheres | 

-j-1-:- 


Bound 

water 


< Per cent j 

C c. 

Per cent 

c c. 

Per cent 

.1 74.0 ! 

5 7 

Q. S 



_j 67.2 ! 

13.4 

fi. 5 1 _ 1 


J 70.9 1 

33.4 

13 0 

1.60 

j 4.7 

-1 65.1 | 

29 9 

! n.o, 

1.48 

15.7 

73.6 

11.4 

7.5 ' 



67 8 , 

21.1 

i fi 0 _ 

-j 72.8 1 

50.0 ! 

10.0 , 

1.34 

5.0 

-! 68 7 

37.0 

9.0 j 

1.09 

12.3 

70.9 

53.5 


1.56 


j 72.9 

55.9 


1.59 

! 

1 71.3 

59 4 


1.52 


j 

-j «79.3 

55.9 

l i 

.98 


70.6 

26.2 


1.44 


J 69.8 ' 

45 7 


1.50 


J 70.0 1 

45 3 


1 54 



® Some wash water on roots, which accounts for higher moisture content, more jmce expressed, and 
lower freezing-point depression. 


The frozen samples of the crown and roots of Minhardi and White 
Winter wheats collected December 1, 1923, contained slightly less 
moisture than the leaves and yielded correspondingly less juice. 
The total solids were about the same, and the freezing-point depres¬ 
sion of the juice from the crown and roots "was about the same as 
those of the leaves. The chief difference in the two plant portions 
was in the percentage of bound water. More than three times as 
much bound water was found in the juice of the crowns and roots as 
in the leaves of Minhardi, and nearly two and one half times as much 
in the case of White Winter. Tests for moisture content, quantity 
of juice expressed, and freezing-point depression, made on the crowns, 
young leaves, and old leaves of Kanred wheat collected November 5, 
1925, yielded very similar results. None of the tissues showed any 
indication of being especially hardened at this time, although Kanred 
leaves collected in the forenoon of the same day and left in the 
laboratory a shorter time yielded less than half as much juice. This 
indicates that hardening takes place throughout the living portion of 
the plant and that changes can take place very quickly. The samples 
of rye collected on November 18, 1925, showed that the crown 
yielded less juice and consequently was the hardiest portion of the 
plant. Accurate determinations could not be made on the roots 
because of the necessity of washing the dirt from the roots with water. 


HARDINESS IN WHEAT HYBRIDS 

FIELD EXPERIMENTS 

The inheritance of hardiness in wheat has been studied by Nilsson- 
Ehle (39) and by Hayes and Garber (20). Hybrids were obtained 
which were hardier than either parent, but the genetic factors in¬ 
volved in hardiness were not determined. Gaines, according to 
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Schafer (47), 6 reported a recessiveness of hardiness in crosses between 
Turkey (winter) and Jenkin (spring Club) wheats. 

The survival of some winter-wheat hybrids in comparison with the 
parent varieties, the protection of winter wheat obtained by sowing 
in stubble, and some of the difficulties encountered in determining 
the hardiness of hybrids in the field will now be considered. . Most 
of these data were obtained in connection with breeding experiments 
of the western wheat investigations project of the Office of Cereal 
Crops and Diseases, which were carried on cooperatively at several 
western field stations. Some results, however, were secured at 
University Farm, St. Paul, Minn. 

The bulked progenies of 36 different crosses, involving combina¬ 
tions of 16 hardy winter-wheat varieties, were grown in the F 3 
generation at Dickinson, N. Dak., in 1922 on both fallow and stubble 
land. Most of the wheat hybrids and parent varieties sown-on fallow 
land were completely winterkilled, and only six crosses showed more 
than 1 per cent survival. On stubble land the survival of the hybrids 
ranged from 3 to 100 per cent. The hybrids were mostly intermediate 
between the parents in their survival, but a few showed survivals 
approaching the less hardy or the more hardy parent. 

In the field the survival of three crosses was observed in detail in 
the F 3 generation from the progenies of F 2 plants. The cross Kanred 
XMinhardi was grown at Dickinson, N. Dak., in 1923 and at St. 
Paul, Minn., in 1926; the Buffum X Eureka cross was grown at Fargo, 
N. Dak., in 1922 and at Moccasin, Mont., in 1923; and the Min- 
turkiX Turkey cross was grown at Dickinson, N. Dak., in 1923. 
Attempts to study several other crosses were prevented because of 
either complete killing or of no killing. The number of hybrid lines 
varied from 99 to 257 in the different tests, in comparison with 11 
to 50 parental rows. The hybrid material was all grown under 
conditions free from winterkilling in the Fi and F 2 generations. 
The Kanred XMinhardi hybrids showed survivals approximately 
intermediate between the parents. The Buffum X Eureka hybrids 
showed a survival similar to that of the more hardy Buffum parent 
under the mild conditions at Fargo, N. Dak., in 1922, but under 
more severe conditions at Moccasin, Mont., in 1923, they were 
killed as badly as the less hardy Eureka parent. 

The Minturki X Turkey hybrid lines survived about as well as the 
average of the parent varieties. The genetic factors for winter 
hardiness could not be determined in any of the crosses studied. 
Much difficulty^ was encountered in attempting to determine the 
survival of hybrids in the field, because of the irregularity of winter- 
killing and the frequency of complete survival or complete killing in 
several localities. 

ARTIFICIAL FREEZING EXPERIMENTS 

Artificial freezing was attempted at University Farm, St. Paul, 
Minn., in order to determine the inheritance of hardiness. Plants 
were grown in pots in the greenhouse, subjected to low temperatures 
in a refrigerator, and then returned to the greenhouse and their 
recovery noted. The results are shown in Table 17. 

6 These inheritance studies were made by E. F. Gaines, cerealist of the Washington Agricultural Experi¬ 
ment Station, m cooperation with the Office of Cereal Crops and Diseases of the United States Depart¬ 
ment of Agriculture. 
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In the test involving the series of temperatures, 1° C. for 72 hours, 
— 8° C. for 36 hours, and —12° C. for 12 hours, in which all of the 
Kanred plants and half of the Minhardi plants were killed, 26 out 
of 47 or 55.3 per cent, of the F 2 hybrid plants of the cross between 
these two varieties were killed. This indicated a dominance of 
hardiness. In the other experiment, under somewhat less severe 
conditions with successive temperatures of 1° C. for 72 hours, —8° 

• C. for 36 hours, and —9° C. for 12 hours, 62.6 per cent of a total 
population of 369 F 2 plants were killed. In this test, however, 
Minhardi was injured somewhat more than Kanred, so the signifi¬ 
cance of this survival could not be determined. 

The only facts regarding the nature of inheritance of hardiness 
brought out by all of these results are that most of the F 3 strains tend 
to be intermediate to the parents in hardiness and that the hardier 
the parents used in the cross are the greater will be the average 
hardiness of the hybrids. The F 3 and later progenies may show all 
degrees of survival varying from that of one parent to that of the 
other, with possibly some transgressive inheritance, as indicated by 
strains being more or less hardy than either parent. Hardiness in 
wheat varieties seems to differ over a wide and continuous range. 
Many varieties doubtless differ genetically in one or more of the 
factors determining hardiness. It is difficult to find conditions under 
which one of two varieties of wheat of the same class kills entirely 
and the other completely survives. Usually both varieties are 
partly killed, or completely killed, or both survive completely. The 
extent to which the parents are killed seems largely to determine 
the extent of killing in their hybrid progeny. 

MOISTURE CONTENT OF HYBRIDS 

After observing that the difference in moisture content between 
Kanred and Minhardi wheats existed under nearly all conditions and 
that moisture content appeared to be related to winter hardiness, it 
seemed feasible to determine how the moisture difference was 
inherited. 

The material selected for this experiment consisted of the progeny 
from each of 152 F 2 plants from a Kanred X Minhardi cross grown at 
University Farm in 1924 in 5-foot rows in conjunction w T ith the parent 
varieties which occupied adjoining rows distributed at intervals of 
every eight hybrid rows. 

The number of samples which could be gathered, weighed, and dried 
in the oven within a given period w r as limited, so that moisture deter¬ 
minations begun on June 3, 1924, were not completed until June 14. 
Rains occurred during this period, and the moisture content of the 
samples gathered near its close was slightly higher than that of those 
gathered at the beginning. The results are shown in Table 19. 

The Kanred wheat had an average moisture content of 79.12 ± 0.18 
per cent. The Minhardi averaged 76.91 ±0.21 per cent moisture. 
The moisture content of the hybrids extended over a range practically 
the same as that of the two parents combined. The number of rows 
of both parents and hybrids, however, was not sufficient to give par¬ 
ticular significance to the range of variability. The hybrids show 
a fairly close approximation to a normal frequency distribution when 
grouped into classes differing in moisture content by 1 per cent. The 
variability of the parental rows, however, prevents an interpretation 
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of the mode of inheritance of moisture content in this experiment. 
The difficulty of determining the inheritance of moisture content, one 
of the qualities influencing hardiness, the results of which determina¬ 
tion were shown in Table 19, tends to show that hardiness itself is not 
readily analyzed genetically. 


Table 19. —Frequency distribution of the moisture contents of plants of Kanred f 
Minhardi , and Kanred-Minhardi Fz hybrid winter wheats at University Farm , 
St. Paul , Minn., in June , 1924 


Moisture content classes 

1 

Kanred 

dumber of row 

Minhardi 

s 

F 3 hybrid 
lines 

73 0-73.9 per cent_____ 



2 

74.0-74.0 percent____ 


2 

0 



1 

10 

76.0-76 9 per cent...... 

1 

7 

32 

77.0-77 9 percent...... 

2 

6 

33 

78 0-78 9 per cent.-... 

6 

2 

35 

79.0-79.9 per cent----- 

4 

1 

30 

S0.0-S0 9 per cent_ -- _ _ 

5 


9 

81 0-S1.9 per cent __ . 

1 


1 

82.0-82.9 per eent__ . _ __ _ _ 




83.0-83.9 per cent__-__ 




84 0-S4.9 per cent_____ 

.. 



S5.0-85 9 per cent_____ 




Total__ ___ 

... 

i 

19 

19 

152 

Mean moisture content.. 

79.12±0.18 

76.91±0.21 

77 S7±0.08 


DISCUSSION 

The results here presented show many irregularities which, of 
course, make the drawing of accurate conclusions more difficult than 
with more uniform data. The studies, however, have brought out 
many points viiich must be taken into consideration in formulating 
the principles involved in hardiness in wheats. Using these studies, as 
vrell as the investigations of others, as a basis, the characteristics of 
hardiness and hardening in wheats and the factors influencing them 
may be considered. 

CHARACTERISTICS OF HARDY VARIETIES 

When growing actively in the fall or spring, hardy varieties of 
w T heat as compared with nonhardy varieties are characterized by 
low' moisture content and juice having a high percentage of total 
solids and a high freezing-point depression. The freezing-point 
depression and total solids in the juice are closely correlated, and 
both vary inversely with the moisture content of the tissue. Any 
variety of winter wheat in an unhardened condition will survive a 
temperature of —5° C. for 24 hours, but none will survive —10° C. 
for the same period. A hardening process is necessary, therefore, 
to permit wrheat to survive the low winter temperatures which 
occur in the Northern States. Wheat plants without snow protection 
have survived temperatures of —25° C. or lower. 

After hardening has occurred, the previously mentioned differences 
in moisture content and juice concentration between hardy and 
nonhardy varieties may not hold, or the relationship may be re¬ 
versed. The hardy and nonhardy varieties then differ chiefly in 
imbibitions! pressure of the cell colloids, as determined by the 
ability of wheat leaves to hold their moisture against the forces of 
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freezing and pressure. Hardy rye in an unhardened condition has a 
moisture content and juice concentration similar to those of a non¬ 
hardy wheat, but when hardened it has a greater imbibition pressure 
than the hardiest wheat. 

At low temperatures, hardy varieties of rye and wheat have a 
lower rate of respiration than nonhardy wheats and thus retain 
their sugars longer or to a greater extent. 

CHANGES OCCURRING DURING HARDENING 

When growth is retarded by low temperature the sap concentration 
increases, due to the formation of sugars from starch and, after 
freezing, to the splitting of proteins into amino acids, as shown by 
Newton. 7 The sugars and some salts partly protect the proto¬ 
plasmic colloids from being coagulated by freezing, according to 
Newton 7 (35, 86) Maximow (27), Schaffnit (48), and Schander 
and Schaffnit (50). Freezing of the plants causes water to be with¬ 
drawn from the cells. Harvey (19) found that on thawing much of 
this water is evaporated, leaving the cell sap more concentrated 
than before freezing. Thus the moisture content of wheat leaves 
decreases during the autumn. With a decrease in moisture content 
and an increase in sugars and amino acids, the total solids increase 
and the freezing point of the juice is lowered. This lowering of the 
freezing point is of little consequence in itself, but the increase in 
solutes decreases the formation of ice and may protect the protoplasm 
from precipitation. 

WTien the sap concentration increases, the resistance to freezing of 
the plant tissue increases at a still greater rate, as noted by Chandler 
(9). Apparently the increased juice concentration results in an 
increased imbibition pressure of the cell colloids, which decreases 
the withdrawal of water from the cells by freezing or pressure. 
Probably the increased imbibition pressure is the result of greater 
dispersion of the protoplasmic proteins. According to Petit (41), 
imbibed or capillary water permits more undercooling before ice is 
formed. 

Hardy varieties having a greater initial juice concentration possess 
a slightly greater resistance to freezing injury, probably because less 
water is withdrawn from the cell in freezing. At low temperatures, 
hardy varieties form more sugar and increase the sap concentration 
more than nonhardy varieties. More of the plant tissues of hardy 
varieties also remain active after a freeze, even with low moisture 
content. The greater juice concentration in the living cells of the 
hardy plants causes a greater imbibition of cell juice by protoplasmic 
colloids. This, together with the greater protection against coagu¬ 
lation of the protoplasm by freezing, due to sugars, accounts for the 
cold resistance of certain varieties of wheat and rye. The more 
hardy the variety the more readily is it able to increase the imbibition 
pressure of the tissues. 

The temperatures or combination of temperatures best suited for 
hardening in wheat are not known, and their determination should 
furnish a fertile subject for investigation. Results reported here 
show that gradual reductions in temperature increase hardiness and 
that exposure to 0° C. is more effective than exposure to temperatures 

" Newton, R. Op cit. 

68829—27-4 
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of 5° C. or - 5° C. Probably alternations of freezing and thawing 
are most effective. 

The time required for maximum hardening also is not known. 
Rein (4.2) reported that maximum hardening occurred in some plants 
in 6 to 8 days. Winkler (57) reported that trees can be hardened 
by a 5-day exposure to low temperature even in the summer. 

When the temperature rises above freezing, water can enter the 
plants and also the cells if the protoplasm has not been killed. This / 
increase in moisture decreases the juice concentration. At a suffi¬ 
ciently high temperature the sugars will revert to starch and the 
amino acids will form proteins. The imbibition pressure will then 
decrease, and the tissues will be less hardy. Rather marked differ¬ 
ences have been observed between successive collections made three 
or four days apart. A decided difference in rye was observed between 
the collections of November 17 and 18, 1925, and a still more abrupt 
difference was observed between the Kanred wheat collected in the 
morning and that collected in the afternoon of November 5. How¬ 
ever, the later collections of both rye and wheat were in the laboratory 
three or four hours while the plant parts were being separated, which 
might account for some of the changes in these instances. 

A freeze during the night, followed by thawing, will increase the 
quantity of juice that can be expressed from the leaves. After the 
evaporation of the melted ice crystals, less juice can be expressed. 

If a freeze is not too severe, the plant hardens upon thawing, but after 
a hard freeze the protoplasm is coagulated and dehydrated to such 
an extent that it can not take up water and the plant is killed instead 
of hardened. 

With different freezing temperatures affecting hardy and nonhardy 
varieties somewhat differently, and with various degrees of recovery 
or response to temperatures above freezing, the irregularity in the 
winterkilling of wheats is not surprising. Adjoining rows of wheat 
show rather wide differences in the imbibition pressure of the tissues. 
Doubtless there are nearly as great differences between plants within 
a row. Tf so, this further explains the irregularities in killing which 
usually occur and which can not be explained by differences in protec¬ 
tion of the plants. 

THE PRACTICAL MEASUREMENT OF HARDINESS 

The results of these studies indicate that no laboratory method yet 
devised, except perhaps the controlled freezing, is any more accurate 
for determining hardiness than is careful field study. The moisture 
content of unwilted wheat leaves probably is only one of the factors 
concerned in hardiness and is itself subject to considerable variation. 
When wilted tissue is present, moisture content is not a dependable 
character, as tender varieties are wilted more than hardy ones. 
Under ideal conditions, however, the moisture content is a valuable 
index of hardiness in wheat leaves. 

The imbibition pressure in wheat leaves may show a striking rela¬ 
tionship to hardiness during late autumn, but even then it is highly 
variable from day to day. When the tissue remains frozen during 
the winter, or when the plants freeze while in a growing condition, 
the imbibition pressure, as measured by the quantity of expressed 
juice, is of little value in determining hardiness. This test requires 
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considerable labor and equipment at all times; therefore, in view 
of its variability, it can not be expected to serve as a practical meas¬ 
ure of hardiness in wheat except under ideal conditions such as are 
obtained in certain seasons. 

Total solids, freezing-point depression, and bound water in the juice . 
are related to hardiness only under certain conditions and are of little 
use for practical measurement of hardiness except early in the autumn, 
Vhen the total solids and freezing-point depression are inversely pro¬ 
portional to hardiness. The bound-water content of the juice from 
macerated tissue should measure the imbibition of the protoplasmic 
colloids, but its determination is more tedious than that of ordinary 
freezing and pressing. 

Freezing under controlled temperatures offers the greatest promise 
in measuring the hardiness of wheat plants by laboratory methods, 
even though the cold resistance of the plants does vary considerably. 

A rough measure of hardiness can be obtained without any previous 
hardening, but for more accurate measurements the plants must be 
subjected to successively lower temperatures. Refrigeration equip¬ 
ment, although expensive, probably would be the most economical 
means of accurately measuring cold resistance, if an exact technic in 
hardening were developed. The next most feasible method is by 
growing the varieties in replicated rows at selected field stations. 
The plants can be protected somewhat by sowing the seed between 
rows of grain stubble where conditions are rather severe, or protection 
can be decreased by thin sowing. 

SUMMARY 

The studies here presented are concerned only with low tempera¬ 
tures and not with killing due to winter drought, soil blowing, heaving, 
or smothering by ice. 

Hardy wheats are characterized by a low moisture content of the 
tissues, a high percentage of total solids in the juice, a high freezing- 
point depression or osmotic concentration of the juice when the plants 
are actively growing, a high percentage of bound water in the juice, 
a low rate of respiration at low temperatures, and frequently by a 
long period of vegetative growth. 

The most important character influencing hardiness is the ability 
to build up a high imbibition pressure of the cell colloids during 
hardening. 

Swedish (Minnesota No, 2) rye, which is more hardy than any 
wheat, has a high moisture content, a low percentage of total solids, 
and a low freezing-point depression like nonhardy wheats, but it has 
a lower rate of respiration at low temperatures and a greater imbibi¬ 
tion pressure than the hardiest wheats. 

During the hardening of wheats there is a decrease in moisture 
content and an increase in total solids in the sap, freezing-point 
depression of the sap, and imbibition pressure of the cell colloids, as 
measured by the ability of the tissues to hold sap against the forces 
of freezing and pressure. 

In the tissues of a given variety, the quantity of juice expressed 
is positively correlated with the moisture content. The percentage 
of total solids and the freezing-point depression of the juice are 
negatively correlated with moisture content and the quantity of 
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juice expressed from the tissues. The quantity of juice retained after 
pressing is positively correlated with moisture content in unfrozen 
tissues, but not significantly so in frozen tissues.. 

The moisture content, sap concentration, imbibition pressure, and 
hardiness of wheat and rye plants fluctuate widely during the fall 
and winter, and differences between varieties do not exist at all 
times. 

The freezing of plants at controlled temperatures, followed by a 
determination of the extent of killing, appears to be the most feasible 
laboratory method for measuring hardiness. 

A sudden exposure of wheat and rye plants from the greenhouse to 
a temperature of —10° C. for 24 hours will kill the hardiest varieties. 
Any variety of winter wheat will withstand a temperature of — 5° C. 
for the same period. Hardening is necessary to protect wheat 
against the much low r er temperatures than —10° C. which occur in 
northern wheat-growing areas. The hardier the variety the more 
it can harden. 

The crown is the most hardy portion of the wheat plant above the 
soil surface. Young leaves are more hardy than old leaves, and the 
bases of leaves are more hardy than the tips. 

The genetic factors involved in the inheritance of hardiness have 
not been determined, but most F 3 strains are intermediate between 
the parents in hardiness. Accurate measures of hardiness in the 
field are difficult because of the variations both in the plants and in 
weather conditions. 
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THE SEEDS OF QUACK GRASS AND CERTAIN WHEAT 
GRASSES COMPARED 1 


By Helen H. Henry 

Assistant Botanist , Seed Laboratory , Bureau of Plant Industry , United States 

Department of Agriculture 

INTRODUCTION 

Because of the great damage to farm land caused by quack grass 
in northern and eastern United States, it is important that the seed 
analyst be able to identify positively quack grass seed 2 when it 
occurs in forage crop seed. Occurring as an impurity in seeds of the 
coarser grasses and especially in seed of awnless brome grass (.Bromus 
inermis Leyss), quack grass seeds are easily confused with seeds of 
western wheat grass (.Agropyron smithii Rydb.) and slender wheat 
grass (.Agropyron tenerum Vasey). Descriptions of the seeds of 
the three species of Agropyron have already been published by 
Pammel and King, Sarvis, Bolley, and Dahlberg. 3 Hillman 4 has 
described the spikelets in detail as they appear in commercial lots 
of seed. Sarvis has contributed a key to the seeds based on the 
pubescence and glands on the palea and rachilla segment. Dahl¬ 
berg, in the most comprehensive paper heretofore published on the 
subject, has described briefly the differences in general form, in the 
shape of the rachilla segment and the outline of the palea tip, and has 
compared the number and kind of hairs on the rachilla segment, 
palea, and lemma. 

Nothing need be added to what has already been written concerning 
the pubescence on the seeds of these three species, but for the benefit 
of those not equipped with magnifiers of sufficient power (35 diameters 
or more) more consideration may be given to the differences in general 
form of the seed and to the differences in form exhibited by the differ¬ 
ent parts of the seed. Frequently an examination of the structural 
characters is sufficient to determine the species. 

The writers describing individual seeds of the three species state 
clearly that there is no one character that can be relied upon as a 
means of identification. This is necessarily true because the char¬ 
acters which have to do with quantity and kind of hairs vary greatly, 
even between individual seeds of the same sample, and the characters, 
such as shape of rachilla segment and outline or shape of seed, depend 
somewhat on the maturity and the position of the seed in the spikelet. 
A determination of species requires familiarity on the part of the 
analyst with the variations both in pubescence and in general form. 


1 Received for publication Apr. 28,1927; issued November, 1927. 

2 The word “seed” m this paper is used m the popular sense and refers to the ripened floret. 

3 Bolley, H. L. work done under the seed control act (pure seed law). N. Dak. Agr. Col. 
Bien. Rpt. 10 (1): 93-118. 1910. 

Dahlberg, R, C. identification of the seeds of species of agropyron. Jour. Agr Research 3:275- 
282 illus 1914. 

Pammel, L. H., and King, C. M. results of seed investigations for iqos and 1909 . Iowa Agr. Expt. 
Sta. Bui. 115, p. 156-177, illus. 3910. 

Sarvis, J. t. suggestions for the identification of the “seeds” of quack grass (agropyron 
repens (l.) beauv.), western wheat grass (agropyron smithii rydb,) and slender wheat grass 
(agropyron tenerum vasey). [4] p., illus. Brookings, S. Dak. 1913. 

4 Hillman, F. H. the distinguishing characters of the seeds of quack grass and of certain 
wheat grasses. U. S. Dept. Agr.., Bur, Plant Indus. Cire. 73, 9 p?, illus. 1911. 
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It is the purpose of this paper to point out graphically the differ¬ 
ences in form and appearance as exhibited by the seed as a whole 
and by its component parts. For the convenience of the analyst, an 
illustrated tabulation of the differences in pubescence as described 
by Dahlberg, together with explanatory text,, is also given. 

"in the absence of a single constant diagnostic character, those char¬ 
acters which are displayed in the greatest number of seeds of a species 
are the ones a study of -which will prove most helpful. Familiarity 
with all of the characters of a species and the corresponding characters 
in the other species will enable one to identify the average seed. 

In addition to the characters generally true of a species, there are 
others to be found in occasional seeds, the counterpart of which can 
not be found in the seed of the other two species. A knowledge of 
these extremes in form peculiar to one of the three species is also 
helpful. 

CHARACTERS GENERALLY TRUE OF A SPECIES 
GENERAL FORM 

Seeds of Agropyron repens are narrowly boat shaped in outline and 
acutely pointed at the apex. They are thick, somewhat flattened 
dorsoventrally, with a ventral groove the entire length of the grain. 
The palea in conforming to the shape of the grain is broadly concave 
throughout its entire length. 

Seeds of Agropyron smithii resemble those of A . repens in outline, 
but are more robust and are not flattened dorsoventrally at the callus 
to the degree evident in seeds of A. repens. The palea is more 
deeply concave. 

Of the three species here compared, the seeds of Agropyron tenerum 
are the most easily recognized by their general form. They differ 
from seeds of A. repens and A . s?nithii in having their greatest width 
at a point a little above the middle and in having a much thinner 
grain, the ventral groove becoming very shallow toward the apex. 
This causes the palea to flatten out at the tip. 

The bilateral displacement of the lemma and the lack of symmetry 
observed in many seeds of Agropyron tenerum also serve to differen¬ 
tiate a large proportion of the seeds of this species from those of the 
other two. The lack of symmetry is due to the unequal bending of 
the different parts of the floret to conform to the closely appressed 
position of the spikelet on the stem. The displacement of the lemma 
is a result of the curving of the upper portion of the lemma toward the 
step of the spike, wdiile the palea., being shorter and adherent to the 
rigid grain, remains straight. (Fig. 1.) 

COLOR AND TEXTURE 

Seeds of Agropyron repens found in brome-grass samples are gener¬ 
ally light yellow tinged with green, while the seeds taken from well- 
matured spikes have a brownish tinge, and sometimes are a darker 
shade above the callus on the dorsal side. The palea and the lemma 
are thick and lustrous. 

Mature seeds of Agropyron smithii often are deeper yellow and the 
lemma and palea sufficiently thin to show the dark-colored grain. 
In fresh unrubbed seed, the surface of the lemma and palea is not 
lustrous as in the other two species. 
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The lemma and palea of Agropyron tenerum are pale flesh-colorecl, 
thin, and polished, and show very little of the greenish color so preva¬ 
lent in seeds of A. repens. 

TIP OF PALEA 

The outline of the tip of the palea is worthy of consideration even 
though in Agropyron repens and A . tenerum there is considerable 
variation. 

In Agropyron . repens the tip of the palea is usually truncate or 
indented, occasionally obtuse or rounded. The broadly truncate 
type has not been observed by the writer in either of the other two 
species. 

The tip of the palea of Agropyron smithii is either indented or cleft. 
The deeply cleft tip which is frequently found in this species is rarely 
found in the other two species. 

In Agropyron tenerum the tip of the palea is either narrowly 
truncate, rounded, or indented. (Fig. 2.) 

RACHILLA SEGMENT 

While the length and breadth of the rachilla segment vary within 
the species according to the position of the seed in the spikelet, the 
divergence of the sides of the rachilla segment keeps within certain 
limits for each species and when considered with other characters 
serves to identify the seed. 

The sides of the rachilla segment of Agropyron repens diverge slightly 
in the lower seeds of the spikelet, but in those taken from the middle 
and upper part of the spikelet the sides of the rachilla segment are 
approximately parallel. In all seeds the sides of the rachilla segment 
are straight, and the segment appears flattened against the palea, 
either within the inturned keels or against them. 

The sides of the rachilla segment of Agropyron smithii diverge 
noticeably except in some terminal seeds, and the lines of divergence, 
instead of being straight as in the other two species often curve out 
at the upper end. The segment is not appressed to the palea. 

The sides of the rachilla segment of Agropyron tenerum diverge 
slightly in all except terminal seeds. The rachilla segment is not 
appressed to the palea, and in many seeds the segment is inclined 
laterally following the slight curvature of the seed. The long hairs 
on the rachilla segment of Agropyron tenerum, visible with a hand lens, 
serve to distinguish a large proportion of the seeds of this species. 
(Figs, 2 and 3.) 

LEMMA 

It will be noted that in well-developed seeds of Agropyron repens , 
with the exception of those developed from basal florets, the marginal 
areas of the paleas are not wholly covered by the lemma. In the 
seeds of the other two species, the lemma generally extends to the 
keels of the palea. (Fig. 1 and 2.) 

Examination of the sinus, or the opening between the edges of the 
lemma at the base of the rachilla, is helpful in distinguishing the 
seeds of Agropyron repens from those of the other two species. 

In Agropyron repens the sinus is essentially U-shaped, the edges 
of the lemma not obscuring or overlapping the sides of the rachilla 
segment at its base. 
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The sinus in Agropyron smithii and Agropyron tenerum is more 
V-shaped and the edges of the lemma at the callus obscure the sides 
of the rachilla segment. 



In some basal seeds of Agropyron smithii the sinus is so narrow 

IT" 80 Sh ° rt tKat ° nly th<3 t0P ° f the Segmcnfc 
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FREE GRAINS 

The free grains of the three species resemble one another closely, 
and there is no way known to the writer by which the species can be 
determined. Grains of the three species are generally light brown, 


AGROPYRON REPENS 


Texture and 
color 


General form 


Smooth with luster, 
straw colored,greenish 
tinge 



> 


Cross section 
of lemma and V 
palea j 


Boat shaped, 
tapering at base 



Concave near the tip 


Outline of 
palea tip 



Position of J 
rachilla A 


Narrowly and broadly 
truncate,obtuse,indented 



> 


Shape of 
rachilla < 
and sinus j 


Rachilla oppressed 
to the palea 



Rachilla sides nearly 
parallel. 

Sinus U-shaped 


AGROPYRON SMITHII 

Smooth without luster 
straw colored, tendency 
to be very deep yellow 



Boat shaped, 
not tapering at base 



Concave near the tip 



Indented,or cleft 



Rachilla not 
appressed to the palea 



Rachilla sides diverging. 
Sinus V-shaped 


AGROPYRON TEtJERUM 

Smooth with luster, 
very pale flesh color 



Greatest width one-third 
distance from the tip 



x'C 


Flattened near the tip 



Narrowly truncate, 

obtuse,indented 



X e 

Rachilla not 
appressed to the palea 



Rachilla sides only slightly 

diverging, 

sinus V-shaped 


Fig. 2.—Diagnostic characters of the seeds of three species of Agropyron, showing differences in 
genera] form and appearance 


those of Agropyron smithii being sometimes very deep purple. The 
grains of Agropyron tenerum are thinner and longer than those of the 
other two species, and the ventral groove becomes only slightly 
concave at the upper end. 
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For the convenience of the analyst, the diagnostic characters which 
are generally true of each species are listed in an illustrated tabula¬ 
tion (fig. 2). 



Agropyron repens,seed from middle and upper part of spikelet 



Agropyron repens,basal seeds 



Agropyron smithii.seed from middle and upper part of spikelet 



Agropyron smith!1,basal seeds 



Agropyron tenerum,se«d from middle and upper part of spikelet 



Agfopyron tenerum,basal seeds 

Fig. 3. —Basal portions of the seeds of three species of Agropyron, showing the position of the 
lemma in relation to the raehilla 


CHARACTERS AS MODIFIED BY IMMATURITY AND POSITION OF SEED IN SPIKELET 

The ease with which the individual seeds of the three species can 
be determined depends somewhat on the maturity of the seeds and 
whether or not the seeds represent terminal florets. 
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Terminal seeds are difficult to determine as to species because of 
the straplike elongation of the rachilla and the shortening of the 
lemma. When immature, the seeds of the three species resemble 
one another so closely that an examination of the pubescence is 
necessary for a safe determination. 

Seeds developed from basal florets when found free or inclosed in 
the glumes are easily identified. Although the rachilla is shorter 
\ and the lemma longer than in seeds from the upper part of the 
spikelet, the diagnostic characters are clearly evident. A knowledge 
of the differences in the glumes described by F. H. Hillman 3 enables 
one to identify easily seeds inclosed in the glumes. Because of the 
constant adherence to the stem of the spikelet, the lowest floret of 
Agropyron repens and A. smitMi, when found free, generally shows 
evidence of being torn at the callus. 



a B c 


Fig 4.—Seeds of thiee species of Agropyion, showing length of awn nnd 
acutely pointed lemmas: A, Agropyron ropcns; B, .1. ,s mithii; C\ A . 
tencrum. X 4 

CHARACTERS POSSESSED BY OCCASIONAL SEEDS OF A SPECIES 

The characters exhibited by occasional seeds of Agropyron repens 
which are not duplicated in seeds oi A. smithii and A . tenerum are 
the long awn, the longitudinal wrinkle in the palea, and the pro¬ 
nounced bulge at the base of the lemma. 

Seeds of the long-awned form of Agropyron repens are found 
frequently in awnless brome-grass seed. Figure 4 shows the long- 
awned form of A. re pens and the acuminateiy tipped lemmas of 
A. smithii and A . tenerum . Botanists have reported a long-awned 
form of A. tenerum growing in high altitudes in the Colorado Rockies, 
but it is very improbable that seeds of this plant would ever occur in 
trade samples. Seeds resembling those of A. tenerum , having a very 
long awn, frequently have been found in awnless brome-grass seed 
from Canada. These have been identified as A , caninum (L.) 
Beauv., a closely allied species. Aside from the long awn, seeds of 


5 Hillman, F. H. Op. cit. 
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A. caninum differ from those of A. tenerum in having longer hairs, 
both on the rachilla and around the callus. 

The longitudinal fold or wrinkle in the palea is shown in Figure 5. 
Seeds of Agropyron repens having this wrinkled palea are not of 
frequent occurrence in forage-crop seed, but a sample of A. repens 
recently examined contained a considerable number of seeds of this 
type. All having this type of palea were well-developed seeds. 

The pronounced bulge at the base of the lemma just above the 
callus, observed in some well-developed seeds of Agropyron repens , 
is shown in side profile in Figure 6, with the corresponding view of the 
seeds of the other two species. Not only is the bulge less conspicuous 
in A. smithii and A. tenerum , but the back edge of the callus is very 
nearly in line with the back of the lemma, while in the 
seeds of A. repens , figured, the back edge of the callus 
is coincident with the vertical axis of the seed. In the 
seeds of A. repens , here figured, and occasionally in seeds 
of A. tenerum , the lemma is not indented 
below the bulge. This is in marked con¬ 
trast to the lemma of A. smithii, which 
apparently always is abruptly indented or 
broken at this point. (Fig. 6.) 

A character observed in seeds of Agro¬ 
pyron smithii and apparently not appearing 
in seeds of A. repens or A. tenerum is the 
deep groove in the deeply concave palea. 


\ UI 


Fig 


Seed of Ag¬ 
ropyron re pais, 
showing wrinkled 
palea. X 74 




Fig, 0.—Side view of basal portion of 
seeds. A, Agropyron repens; B, A. 
smithii; 0, A. tenerum, X 7 


Fig. 7.—Seed of Agro¬ 
pyron smithii, show- 


Figure 7 shows a seed of this type taken from the upper part of 
the spikelet. These should not be confused with seeds of A, tene¬ 
rum, which have a shallow groove in a broadly concave palea. 


DIFFERENCES IN PUBESCENCE AS DESCRIBED BY DAHLBERG 

| Figure 8 shows the differences in pubescence, as described by 
Dahlberg. 6 The following is from his paper, his figures and refer¬ 
ences to them being omitted: 

i RACHILLA 

The hairs clothing the rachilla constitute a valuable character used in the 
f determination of the seed. However, care and good judgment must be exercised 
1 because of the great variation which may occur. 

The characteristic rachilla of A. repens is sparsely covered with short, minute 
hairs having a rather large base. Occasionally a‘ glandular structure may be 

® erg, R. C. identification of the seeds qf SPECIES of agroptron. Jour. Agr. Research 3; 

iVlns IQIil ^ ' 
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discerned at the base. This, however, can only be seen with a high-power lens 
and is not considered of sufficient importance to warrant its use as a determining 
character. No rachilla of A. repens has been found which had the hirsute char¬ 
acter of A. smithii or the pilose character of A. tenerum . 


AGROFYRON REPENS 


Rachilla J 


> 


Palea faceJ 



Hairs few, short, and 
stoat 



Pnherulent at tip: 
otherwise glabrous 


AGROPYRON SMITHII 



Hairs numerous, stout; hut 
longer than those which 
characterize A. repens 



Hirsute over entire 
surface 


AGROFYRON TENERUM 



Hairs numerous, slender, 
and long 



remaining surface glabrous. 


Palea edges k 




X30 


Char acterised by short. Hairs stout,but longer 

stout, and bluat hairs than those of A.repens 


Hairs fine, acute, and 
close together 


Lemma J 




Smooth and shiny at Usually with a break in 

base on dorsal side the line of hairs on 

dorsal side at base of seed 

V 

Fig. 8.— Diagnostic characters of seeds of three species of Agropyron, 
pubescence, as described by Dahlberg 



Xlfc 


Line of hairs extends 
across leuna at its base 


showing differences in 


The rachilla of A. smithii is characterized by hairs of the same general shape as 
the hairs found on the rachilla of A . repens , They are, however, larger and 
stronger and the number is noticeably greater. This characteristic is fairly 
uniform. 

The rachilla of A . tenerum is characterized by hairs of a pilose nature. They 
are long as compared with those of A. repens and A . smithii , and may often be 


68829—27-5 
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distinguished by this feature alone from these two species, as the pilose nature 
has never been observed on them. However, an absolutely authentic specimen 
of A. tenerum has been examined which had a rachilla much resembling that of 
A. repens. The hairs were short, but were not as large as the base.. Other char¬ 
acters on the seed, however, made it possible to place it accurately in the species 
tenerum. 

LEMMA 

Another distinguishing character and one which is reliable as to uniformity 
may be found at the base of the lemma on the ventral 7 side of the seed. In A. 
tenerum there is a line of hairs which extends from the base of the rachilla on the 
dorsal side of the seed around and entirely across the face of the lemma on the 
ventral side near the base of the seed. In some cases it may be impossible to dis¬ 
tinguish the hairs on the middle of the lemma, but the surface of the lemma at 
this point is roughened sufficiently so that it is noticeable. This is a fairly 
definite character. 

The seed of A. repens has no such characteristic line of hairs, but the basal 
portion of the lemma is entirely smooth and shiny. This character in the seed 
of A. smithii is somewhat variable and is therefore not of much value. Most 
commonly, however, it is found that the ring of hairs extends part way around 
on either side, and on the middle of the lemma there is a space which usually is 
entirely smooth. 

PALEA 

The part of the seed which discloses good and reasonably definite characteristic 
differences is the palea. The face of the palea in A. repens and A. tenerum is 
practically glabrous, except near the tip, where it is puberulent. Occasionally 
there is a small number of hairs distributed over the face of the palea. Since 
the tips of the palae in both of these species are always puberulent, this can not 
be used as a distinguishing character. The palea of the seed of A. smithii is 
quite hirsute over its entire surface. 

The hairs on the edge of the palea have a distinctive shape for each of the three 
species and are very useful as a determining factor. Those of A. repens are 
rather short, stout, and somewhat blunt. Those of A . smithii are about as 
coarse as those on A. repens but are noticeably longer, thus making them appear 
more slender. On A. tenerum the hairs are finer, closer together, and more 
acutely pointed than in the case of the two others. 

SUMMARY 

The individual seeds of Agropyron repens, A. smithii, and A tene¬ 
rum, with the exception of some terminal or immature seeds, can be 
identified as to species by a study of the characters, such as form, 
color, texture, concavity of palea, outline of palea tip, the shape of 
the rachilla segment, and the width of the opening between the edges 
of the lemma at the base of the rachilla. 

In identifying seeds of quack grass (Agropyron repens) the shape 
of the rachilla and the width of the opening between the edges of 
the lemma at the base of the rachilla segment are valuable diagnostic 
characters. 

Familiarity with the extremes in form observed in occasional seeds 
of a species but not duplicated in either of the other two species 
enables the analyst to identify seeds of these types at sight. 

With the combined study of the differences of general form and 
the differences in quality and quantity of pubescence, all individual 
seeds of Agropyron repens, A . smithii, and A. tenerum should be easily 
identified. 


7 The writer evidently means dorsal instead of ventral. Terms interchanged also in following sentence. 
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HISTORICAL REVIEW 

Among the many perils and hardships that marked the settlement 
of the old frontier of the United States was the mysterious malady 
known as “milk sickness. ” Appearing customarily late in the summer 
it rapidly assumed epidemic proportions, sparing neither age nor 
sex, frequently sweeping away a quarter of the population, and some¬ 
times depopulating whole villages. Nearly every district in the old 
West—now the Central West—suffered at one time or another from 
this disease and so sudden was its onset, so recondite its cause, so 
unavailing were the preventive measures taken bv the terrified back¬ 
woodsmen, and so fatal were the attacks, that "the old chroniclers 
refer to it in the strongest terms as formidable, terrible, and frightful. 
Nicolay and Hay (17) 2 describe a characteristic outbreak during which 
the mother of Abraham Lincoln died. 

In the autumn of 1818 the little community of Pigeon Creek was almost ex¬ 
terminated by a frightful pestilence called the milk sickness, or, in the dialect of 
the country, “the milk sick.” It is a mysterious disease ... It seems to have 
been a malignant form of fever—attributed variously to malaria and to the eat¬ 
ing of poisonous herbs by the cattle—attacking cattle as well as human beings, 
attended with violent retching and a burning sensation in the stomach, often 
terminating fatally on the third day. In many cases those who apparently 
recovered lingered for years with health seriously impaired. 

The disease was known in Maryland, North Carolina, Kentucky, 
Tennessee, Alabama, Missouri, Illinois, Indiana, and Ohio from the 
time of the early settlements. Wolf, Curtis, and Kaupp (g£) in 
one of the most complete accounts of this sickness that has ever been 
published, have shown that milk sickness was recognized as a par¬ 
ticular disease in North Carolina before the Revolution. The early 
settlers were also acquainted with a disease of cattle known as 
“trembles” that appeared only in “milk-sick areas” and during the 
same periods in which human milk sickness was prevalent. It was 
observed, too, that suckling calves frequently sickened and died from 
“trembles” in these same milk-sick areas and that small domestic 
animals, pigs, cats, and dogs, fed on the milk of cows that were per¬ 
mitted to range the woods, developed symptoms of nausea, weakness, 
and enteritis, and died. These facts led to the suspicion that the 
milk of cows at certain seasons contained some deleterious substance 
that was capable of causing milk sickness in human beings who drank 
it or ate butter and cheese made from it. This idea was further 
strengthened by the fact that those who prudently abstained from all 
bovine products late in summer and fail were free from attacks of 


1 Received for publication May 12, 1927: issued November, 1927. 

3 Reference is made by number (italic) to “Literature cited,” p. 575. 



Vol. 35, No. 6 
Sept. 15,1927 
Key No. A-120 


Journal of Agricultural Research, 
Washington, D. C. 


( 547 ) 



Journal of Agricultural Research 


Vol. 35, No. 6 


milk sickness and that those who discontinued eating milk products 
as soon as they began to sicken with the disease generally recovered 
after suffering merely a slight illness. 



—Kichweed or white snakeroot (Eupatorium urticaefotium) 


The nature of the deleterious substance present in this poisonous 
nulk remained obscure. Speculation as to its character was wide¬ 
spread and resulted in the advancement of many fantastic ideas. 
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Poisonous dew and volatile minerals that evaporated from the earth 
at night, condensing on the herbage, there to await ingestion by the 
grazing herds, miasmata, the early conception of a germ theory', 
microorganisms, various poisonous minerals, arsenic, copper, lead, 
cobalt, as well as poisonous springs, all were advanced as explana¬ 
tions of the origin of the scourge. By far the most favored theory, 
however, and one held tenaciously from the earliest times was that 
, milk sickness was caused by the feeding of the cows on some weed 
or herb that could transmit poisons to the milk. This hypothesis 
was strengthened by a large number of observed facts. The disease 
was most virulent late in summer and early fall, particularly after a 
period of drought, when wholesome forage plants had been con¬ 
sumed and the cattle were compelled to graze on plants that they 
refused when other feed was plentiful. Again, cattle that were 
pastured in inclosed fields where weed infestation was slight did not 
contract the trembles nor did their milk cause milk sickness. It 
was observed that the incidence of milk sickness diminished as the 
forests were cleared and the land brought under cultivation. Many 
different plants were suspected to be the cause. Some of them, such 
as poison ivy, water hemlock ( Cicuta maculata) f “ Indian hachy,” 
Indian tobacco {Lobelia mflata ), Indian hemp {Apocynum cannabi - 
nu?7i), Virginia creeper ( Parthenocissus quinquefolia) , cross vine 
(Bignonia capriolata), Indian currant ( Symphoricarpos orbiculatus ), 
marsh marigold {Caltha palustris) ) spurge {Euphorbia esula ), fool’s 
parsley {Arethusa cynapium), mushrooms, and richweed {Eupatorium 
urticaefolium) were well known as poisonous plants. Others argued 
in favor of the modified hypothesis that the disease was caused by 
parasitic fungi or by molds that grew on various plants. 

The last-named plant, Eupatorium urticaefolium , known commonly 
as richweed, white snakeroot, pool wort, pool root, white sanicle, 
Indian sanicle, deer wort, squaw weed, white top, and steria, has 
been most widely and commonly held responsible for the disease. 
A great many experiments have been made in which this plant has 
been fed to animals with the result that trembles has been produced 
in a large number of cases. In recent years a mass of proof has been 
obtained to show that the plant is poisonous to livestock and that 
suckling animals may be poisoned by the milk secreted by animals 
that have eaten it. 

Notwithstanding the many evidences of the poisonous nature of 
richweed and the many indications of its connection with human 
milk sickness, some obseiwers have doubted its relation either to 
trembles or to milk sickness, and have advanced very strong 
arguments against the conclusion. They have pointed out that 
cattle have been known to graze for long periods in places where 
richweed grows abundantly without the appearance of any cases of 
trembles in the cattle or of milk sickness in the people who drank 
their milk. They further contended that in many of the feeding 
experiments the animals failed to develop abnormal symptoms. 
Finally, it was discovered that a disease resembling trembles in 
cattle and milk sickness in human beings exists in certain places in 
New Mexico and Texas where richweed is not found. 

It is quite true that cattle have been known to graze with impunity 
in pastures infested with richweed, but it is also true that stock do 
not voluntarily eat this plant so long as other forage is available; 
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and the mere presence of richweed in a pasture does not prove that 
it has been eaten by the animals confined there. 

Failure to produce the disease by feeding the plant is inconclusive 
evidence unless supported by a thorough and systematic course of 
experiments. One feeding of Eupatorium urticmfolium , unless in 
very large quantity, would certainly fail to provoke symptoms of 
trembles, and the result of such a feeding may lead tn an uncritical 
opinion that the plant is harmless. Feeding of dried or partly 
dried plant would also fail to produce the disease in many if not in 
all cases. Furthermore, it is by 110 means certain that there is not 
a variation in the toxicity of richweed at different seasons or in 
different years or in plants from different localities. 

The discovery of endemic milk sickness in the Pecos Valley of 
New Mexico, where Eupatorium uriicaefolium, does not grow, was 
considered strong evidence against the conclusion that richweed 
caused that disease. It has been shown, however, by a number of 
investigators that milk sickness and trembles in New Mexico are 
caused by the rayless goldenrod, Aplopappus heterophyllus (A. Gray) 
(Blake), also termed Isocoma wrighiii , Isocoma heterophyUa, Bigelovia 
rusbyi, and Bigelovia wrighiii . 

The theory that milk sickness is due to some specific microorgan¬ 
ism has been held by several observers (11). Jordan and Harris (0), 
in a very careful and detailed examination of the possibility of patho¬ 
genic microorganisms being the cause of the disease, isolated a 
bacillus that appeared to be a possible solution to the problem. 
This organism they named Bacillus lactimorbi and they made an 
extensive study of it. At the end of their research, however, they 
candidly stated (9, p. 484-485): 

“Taken as a whole the facts do not surely indicate that a specific 
microorganism is the cause of milk sickness or trembles.” 

The work of Jordan and Harris was supplemented by a bacterio¬ 
logical study of their organism by Luckhardt (10) in which various 
strains of the organism fed by him to dogs did not produce typical 
trembles. In pathogenicity the organism was very erratic. Luck¬ 
hardt found it very widespread and growing on plants, such as alfalfa, 
that have never been associated with milk sickness. Ilis study was, 
as he says, “far from being decisive in establishing B. lactimorbi as 
the etiological factor in the production of milk-sickness.” 

At the present time the only hypothesis that has any standing is 
that richweed poisoning causes this disease in the East. All the 
experimental work reported in the last decade supports this point of 
view and demonstrates that Eupatorium urticaefolium is a distinctly 
poisonous plant and that milk obtained from cows that have fed on it 
is capable of producing the disease in other animals. 

Full descriptions of the history and characteristics of the disease 
have been published (11, 8, 2,1822). 

Apparently the first published account of milk sickness was 
included by Daniel Drake (4), who published the information con¬ 
cerning the. disease that Barbee, of Virginia, collected while visiting 
the Mad River country of Ohio, in 1809, and other data gathered by 
Drake himself. In a larger work (5) Drake again notices the milk 
sickness and mentions the fact that some ascribe it to the poison of 
some unknown plant that is secreted in cow's milk. Meanwhile Hall 
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(6) had published the case of Alex. Telford and family in which the 
milk from four cows was strongly suspected of causing the outbreak. 

A great deal has been written about milk sickness in the medical 
journals and considerable controversial material has developed in 
which even the existence of the disease as a specific malady has been 
denied. Some cursory experiments were made to determine the 
toxic properties of richweed but they were often of such a nature as to 
yield little positive knowledge. 

About 20 years ago Moseley (13) reported a series of experiments 
with laboratory animals that indicated toxic properties in richweed. 
Crawford (2) reviewed the work, made some experiments, and con¬ 
cluded that there is no relationship between richweed and milk 
sickness. The distinctly poisonous nature of the plant, however, 
was demonstrated beyond question by a series of researches published 
during the last 10 years by Curtis and Wolf (3), who showed that the 
disease was not infectious; by Marsh and Clawson (12); Wolf, Cur¬ 
tis, and Kaupp (22), who poisoned animals on the sap of the plant; 
and by Sackett (19), who was able to poison laboratory animals with 
extracts of the plants. The results of Sackett’s experiments further 
confirmed the toxic character of richweed. 

When the writer began the study of this subject in 1918, the prin¬ 
cipal problem to be solved was the isolation of the toxic constituent 
and the elucidation of its chemical properties. 

PREVIOUS CHEMICAL INVESTIGATIONS OF RICHWEED 

No complete chemical analysis has yet been made of the whole 
plant of Ewpatorium urticaefolium, although a number of investigators 
in the course of studies of the toxic constituent, have made extracts 
of the plant and have fed these to animals. 

Moseley (13) fed extracts of the plant in water and milk to rabbits 
and dogs, and also gave parts of the plant to these animals. Craw¬ 
ford (2) injected aqueous extracts subcutaneously into two rabbits 
which died and into three others which survived. These extracts 
were made from dried plants. Extracts from plants preserved in 
chloroform water failed to injure a cat, a dog, a sheep, and Crawford 
himself, when fed in small dosage. Injection of the ash, obtained 
from 10 and 20 gm. of dried plant and neutralized with acetic acid, 
into rabbits, did not produce poisoning. 

In 1909 Moseley (14) published nis conclusions that the toxic 
constituent of richweed is aluminum phosphate, and adduced experi¬ 
mental evidence in support of this hypothesis. In 1910 Moseley (IS) 
published further evidence to support the aluminum phosphate 
hypothesis, and advocated the use of soda as an antidote. 

Curtis and Wolf (3) fed aluminum phosphate in doses of from 2 to 
16 gm. to two ewes during a period of 69 days, at the expiration of 
which each had received 412 gm. of the compound. Neither of the 
ewes developed any abnormal symptoms and each gained weight. 

Mosely (16) withdrew the aluminum phosphate hypothesis in 
favor of the conclusion that an “ether soluble resin” is the toxic 
principle. He reported that he obtained 9 per cent of the dry weight 
of the leaves by extracting with ether and that nearly all the extract 



552 


Journal of Agricultural Research 


Vol. 35, No. 6 


was resin. He does not record his experiments but states that the 
resin poisons cats, rabbits, and guinea pigs like Eupatorium. 

Wolf, Curtis, and Kaupp {22) in an excellent monograph describe 
the most extensive use of extracts that had appeared up to that 
time. Aqueous and alcoholic extracts fed by them to guinea pigs 
did not produce poisoning. One of three guinea pigs to which they 
fed hydrochloric acid extract died. The expressed juice of fresh 
plant was fed to five guinea pigs, four of which died. Dried extract 
from the sap prepared by exsiccation on a water bath at 100° C. did 
not affect three guinea pigs to which it was fed. The volatile matters 
from the sap fed to three guinea pigs did not affect the animals. ^ The 
inspissated juice evaporated at a temperature less than 60° C. fed to 
three guinea pigs caused the death of one. The other two merely 
showed some depression. Five sheep were fed the expressed juice 
of richweed and died with symptoms of trembles; two sheep w r ere 
fed inspissated juice evaporated at a temperature below 60° C. and 
died with symptoms of trembles; and a sheep was fed the nonvolatile 
portions of the juice and developed trembles and died. These inves¬ 
tigators wei'e able to produce trembles in two out of six suckling lambs 
by feeding richweed to the mothers. A sample of “milk-sick” butter 
was fed to three mice, two of which died. Seven dogs were fed meat 
from trembles cases and showed no ill effects. As a result of these 
experiments the investigators concluded that the toxic constituent 
of richweed is glucosidal. In all their experiments they used green 
plant collected at Shooting Creek, N. C. 

A valuable contribution to the subject was made by Sackett {19), 
who conducted many experiments with extracts from the leaves of 
Eupatorium urticaefolium on rabbits and guinea pigs. Fresh and 
carefully dried leaves and alcohol and chloroform ether-ammonia 
(Prolius’s solution) extracts of richweed fed by him produced poisoning 
in animals. The alcohol and Prolius’s solution marcs were nontoxic 
as were the extracts made with salt solution and that from the roots. 
Viscera and meat from a rabbit killed by richweed poisoning did not 
affect a cat. An anaphylactic experiment was negative. Guinea 
pigs -were not affected by the dried leaves. 

Jordan, Whelan, and Gidley (7) made some experiments with 
extracts from dried plants collected in Indiana. These were fed to 
rabbits and the marc from a 0.1 per cent hydrochloric acid extrac¬ 
tion wels fed to a hen. The 50, 70, and 95 per cent alcohol extracts, 
an ether-chloroform extract, and the extract made with a menstruum 
of 50 per cent alcohol and 0.5 hydrochloric acid were nontoxic. A 
0.5 per cent hydrocloric acid exti’act killed a rabbit in four hours. 
A 0.1 per cent hydrochloric acid extract was fed to a rabbit which 
died in three days; the marc from this fed to a hen produced no effect. 
A similar 0.1 per cent hydrochloric acid extract which had fermented 
produced.no result when fed to a rabbit. The resin was non toxic. 

_ These investigators report that there is neither alkaloid nor gluco- 
side in the plant. 

Bukey (I) reported a partial analysis of the fruit of Eupatorium 
urticaefolium , which includes data concerning a drying oil that he ex¬ 
tracted, together with a proximate analysis of the other constituents. 
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From this contradictory mass of data it may be concluded that: 
The toxic principle appears to be soluble in alcohol, ether, and 
chloroform, and insoluble in water; it is apparently nonvolatile and is 
destroyed or greatly weakened by drying the plant; it appears to be 
thermostable within reasonable limits; nothing is certain about its 
chemical characters. 

THE PRESENT INVESTIGATION 

The result of the present investigation has been the isolation of a 
definite, toxic substance from green Eupatorium urticaefolium which 
appears capable of producing the characteristic symptoms of trembles 
in sheep and of a second toxic substance, not yet obtained in a pure 
condition, which is toxic to guinea pigs but does not affect sheep 
even in very large doses and probably has no relationship to milk 
sickness. 

TREMETOL 

The substance which appears to be responsible for trembles is a 
viscous, oily liquid of pleasant, aromatic odor which does not solidify 
at very low temperatures and can not be made to crystallize. Analy¬ 
sis and molecular-weight determinations indicate that the formula 
of this substance is C 16 H 22 0 3 . It has been named tremetol from 
tremere, to tremble, inasmuch as all feasible names derived from the 
generic name of the plant have already been used to designate other 
substances. Tremetol has the characters of an alcohol; the hydroxyls 
are not phenolic and alkoxyl groups appear to be absent. It does not 
react with hydroxylamine or with phenylhydrazine to form crystalline 
substances, nor does it give color reactions with Schiff’s reagent or 
with ferric chloride. It withstands the temperature of boiling 
water but is rapidly decomposed when attempts to distill it are 
made, even at pressures below 1 mm. It is very slowly volatile 
with steam. It is soluble in petroleum ether, chloroform, alcohol, 
and benzene, and quite insoluble in water, acids, or alkaline solutions. 

It is levorotatory in alcoholic solution, [a] ^=—21.08°. It absorbs 

four atoms of bromine, which indicates the presence of two double 
bonds. 

Potassium permanganate oxidizes it to a crystalline acid that 
melts at 181° C. Tremetol apparently exists in the plant partly 
in ester combination with a resinous acid, the chemistry of which is 
still being studied. The toxic substance may be prepared by the 
following method. 


Method of Preparing Tremetol 

To obtain tremetol the fresh richweed plant is hashed through a 
meat chopper and immediately packed in a percolator with strong 
alcohol, macerated two days and then percolated to exhaustion with 
strong alcohol. The solvent is distilled from the percolate at ordin¬ 
ary pressure, leaving a watery residue mixed with a quantity of resin 
and fat. This is repeatedly extracted with boiling water to remove 
all water-soluble constituents. The water layers are siphoned off 
after each extraction. The final resinous residue is then extracted 
with boiling 50 per cent alcohol as long as soluble matter is obtained. 
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The alcoholic solutions are filtered off hot, united, and distilled to 
remove alcohol. The watery residue is allowed to cool and is filtered 
from precipitated resins. These resins are then extracted with boiling 
30 per cent alcohol as long as they yield soluble matter. The solu¬ 
tions are filtered hot and the alcohol is removed from them. Crude 
tremetol ester separates out. This is purified by solution in alcohol 
and by boiling with 5 per cent alcoholic potash to hydrolyze the ester. 

When hydrolysis is complete the alcohol is evaporated from the 
reaction product, and the residue is dissolved in water and extracted 
with ether, which dissolves the tremetol together with some coloring 
matters. The ether solution is poured into four volumes of petro¬ 
leum ether, as a result of which process most of the coloring matters 
and other impurities are precipitated. Tremetol is recovered by 
evaporating the solvent, and should be purified by repeated solution 
in ether and precipitation with petroleum ether. The purity of the 
product may be determined by optical rotation and by ascertaining 
molecular weight. The absence of ash and deep color also indicates 
purity. 

A Color Reaction of Tremetol 

When a small quantity of tremetol is dissolved in petroleum ether 
and the solution is floated on the surface of concentrated sulphuric 
acid contained in a test tube, a red ring forms at the interface. If 
the two liquids are mixed by gentle agitation the petroleum ether 
is colored a transient cherry red which rapidly fades and the acid 
layer acquires a brilliant cherry-red color. If the solution is too 
dilute a yellow or orange may be the only result; if it is too concen¬ 
trated or if much impurity is present the color reaction may be ob¬ 
scured by carbonization. 

This reaction is offered as a provisional test for the presence of 
tremetol in Eupatorium mixtures. While there are numerous other 
substances which yield red colors with concentrated sulphuric acid, 
many of them are insoluble in petroleum ether and would not inter¬ 
fere with the test. Others give different shades of red. The cherry 
red given by tremetol is quite characteristic. A negative test defi¬ 
nitely establishes the absence of tremetol; a positive reaction taken 
in conjunction with other data may demonstrate the presence of that 
substance. 

. A careful study of the applicability and specific nature of this test 
is in progress. It is hoped that through this color reaction a method 
may be developed by which suspected milk may be tested and 
dangerous milk detected, in areas where milk sickness exists. 

It has been possible to use this test in order to check up ou feeding 
experiments, particularly when failure to produce poisoning by 
extracts was not explicable. Unfortunately, samples of some of the 
extracts used durmg the course of this study were not available when 
the test was discovered and could not be tested. The results are 
stated m connection with the various discussions of the extracts. 

COLLECTION OF PLANT MATE RIAL 

i l. ra^erial used in this investigation was collected in two 

localities m Illinois and in one place in Virginia, as shown in Table 1. 
lhe Illinois plant was gathered partly in the neighborhood of Beecher 
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City and partly at Paxton, in both of which localities milk sickness 
had appeared. The Virginia plant was collected on the banks of the 
Potomac River, Arlington County, in the neighborhood of Wash¬ 
ington, D. C., a district from which no record of milk sickness has 
come. Both green and dried plants were studied. The dried plant 
originated wholly in Beecher City, Ill. One lot of green plant was 
•collected at Beecher City, and was packed in milk cans, covered with 
chloroform water to preserve it, and shipped to Washington, D. C. 
Other lots of green material from Illinois were mailed to Washington 
where they arrived in fresh condition and were immediately hashed 
and put into strong alcohol. Green material w~as collected in Virginia 
and was carried to the laboratory within 24 hours. When used for 
direct feeding, the plant was usually collected early in the morning 
and was carried immediately to the laboratory. One lot of green 
plant, collected in Virginia by W. N. Berg, was immediately placed 
by him in strong alcohol and had been macerated for two years 
when it was worked up during the present study. 3 

Table 1 . —Collections of Eupatorium urticaefolium 


Lot No. 

Date collected 

Condition 
when used 

| 

] Place of collection 

1 

Weight 

Collector 

E 1. 

Nov 17, 1910_ 

Green. . 

1 Arlington Co., Va. 

Kgm. 

1.805 

W. N. Berg. 

A. B. Clawson. 

E 2. 

October, 1915... __. 

Dry.. 

Fancher (Beecher City), 
i Ill. 

Woodmont, Va. 

4.432 

E 3_ 

Oct. 7-22, 1921. 

Green_ 

13.63 

J. F. Couch. 

E 4.„- 

Apr. 20-30, 1925. 

...do. 

7.27 

Do. 

E 5. 

Sept. 22, 1920. 

'...do. 

i Beecher City, Ill. 

28.0 

Do. 

EH. 

Sept. 25-Oct. 3, 1921— 

...do. 

! Woodmont, Va. 

53.32 

Do. 

E 7. 

October, 1922...... 

...do. 

! Beecher City and Pax- J 

| 35.9 

J. M. Casstevens and 

E 8. 

October, 1915.. 

Dry. 

! ton, Ill. 

Beecher City, Ill. 1 

18.93 

J. E. Parks. 

A. B. Clawson. 

E 9. 

October, 1923.. 

Green.... 

Beecher City and Pax- i 

98.5 

J. M. Casstevens and 

E 10- 

September, 1925. 

...do. 

i ton, Ill. 

I Beecher City, Ill. 

131.8 

J. E. Parks. 

| J. M. Casstevens. 


ANIMALS USED IN THE EXPERIMENTAL WORK 

The earlier experiments to test the toxicity of various extracts 
and their fractions were made on guinea pigs, but the variability of 
the results obtained with these animals and the impossibility of their 
exhibiting the symptoms characteristic of trembles in cattle led to 
abandonment of guinea pigs in favor of sheep. It was on the latter 
animal that all the crucial experiments were made. Cats were used 
in certain feeding tests, and rabbits were used in testing the toxicity 
of the resin acid. 

All animals were allowed access to plenty of feed andwater during 
the experiments. These experiments are summarized in Table 2. 


4 The writer desires to express his thanks to those who assisted in the collection of plant material, and 
especially to J. M. C asst evens and to J. E. Parks, of Illinois. Specimens of the various collections were 
submitted to S, F. Blake, botanist at the Bureau of Plant Industry, for identification before they were used 
in this investigation. 



































Table 2 .—Summary of experiments m feeding Eupatorium extracts to animals 
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EXTRACTING AND FRACTIONATING THE PLANT 

Eight of the lots of plant collected for use in this study were 
submitted to extraction and fractionation processes, and inasmuch 
as the procedure was similar in every case a composite description of 
the procedure followed is presented here, the various fractions being 
distinguished by a lot number in order to insure clearness. The 
fractions are further grouped according to the chemical character of 
the substances present so that comparison may be made between, 
various fractions and between plants from different collections. 

In general, the fresh plants were subjected to the following process 
to extract the soluble constituents and to fractionate the extracts 
so obtained: The fresh plant was hashed and placed in strong alcohol 
in a percolator. After two days’ maceration the plant was extracted 
with alcohol by intermittent percolation; the alcohol was removed 
from the percolate by distillation at atmospheric pressure and was 
returned to the percolator. The residue from the distillation was 
mixed with water and redistilled to remove the last traces of alcohol 
and also to drive off the volatile oil which was recovered. 

The residue so obtained consisted of a greenish, insoluble mass of 
lardy consistency, and a watery solution. The water solution was 
siphoned off, and the insoluble residue was repeatedly extracted with 
boiling water as long as it yielded soluble matter. The combined 
water extracts furnished one fraction. 

The insoluble matter was next treated with hot 1 per cent sodium- 
carbonate solution which dissolved out a resin acid fraction, leaving 
undissolved what was termed the “lipoid” fraction. The latter was 
fractionated in various ways, which are described in connection 
with the testing of the fractions themselves. 

The water-soluble materials were fed in aqueous solution. The 
resin acid was fed in sodium-carbonate solution, and other materials 
were emulsified in water or in sirup by means of acacia. 

FRESH LEAVES 

Leaves from plants collected at Woodmont, Va., were fed to two 
guinea pigs October 7 to 22, 1921, a total of 10 doses, averaging 
21.75 gm. per dose, being given. The animals had access to 
oats during the experiment. Both were made sick, and one died 18 
days after the last feeding. Post-mortem examination showed liver 
and kidneys pale, lungs congested, and congestion in the stomach 
and colon. The other animal survived. 

Sheep 5 was fed by balling gun nine doses of fresh leaves collected 
at Woodmont, Va, From June 20 to 30, 1925, this sheep was fed 
5,123 gm. of fresh plant, equivalent to 15 pounds per hundred¬ 
weight of animal. This feeding produced no effect on the animal. 

TOTAL WATER-SOLUBLE NONVOLATILE CONSTITUENTS 

The material of plant lot E 5, collected in Beecher City, Ill., and 
shipped to Washington preserved in chloroform water, was allowed 
to stand in storage during the winter. It was opened in May, 1921, 
when the water solution was strained off. The leaves of the plant 
were stripped from the stems, hashed in a meat chopper and pressed 
out, the strained juice being added to the water solution. Half of 
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the solution was distilled from a copper still until volatile substance, 
other than water ceased to appear in the distillate. The nonvolatile 
residue (E 5. BAB) was collected and used for a feeding test. This 
was a limpid, faintly greenish-brown, acid liquid, of bitter, saline, and 
highly unpleasant taste. It was colored deep green with ferric 
chloride, even after the removal of possible tannins with gelatine 
solution. It yielded no alkaloid test with Mayer's solution. Alcohol 
precipitated a large amount of gray, flocculent matter (inulin). The 
whole residue was concentrated to 2,700 e. c. by evaporation. 

Sixteen doses of 162 c. c. of this solution, corresponding to 2.5 
pounds of fresh plant per hundredweight of animal, were drenched 
into sheep 650 from July 16 to July 31, 1921. The total dosage was 
2,592 c. c., equivalent to 40 pounds of plant per hundredweight. 
The sheep was not affected by this treatment. 

VOLATILE OIL 

Volatile oils were obtained in concentrating alcoholic extracts of 
Eupatorium. Oils obtained from green plant gave a positive test 
for tremetol; a sample from dry plant w r as negative. An emulsion 
containing 5 gm. of oil obtained from lot E 7 was drenched into 
sheep 779 September 25, 1923, at 1 p. m. The animal was observed 
during the afternoon but showed nothing abnormal. It was found 
dead, however, on the following day at 6.30 a. m. 

A post-mortem examination conducted during the morning by G. T. 
Creech, of the pathological division, revealed hemorrhagic areas on 
the endocardium; the liver pale and degenerate; the kidneys de¬ 
generate; hemorrhages in the lower end of ileum and duodenum; 
and thyroid and thymus congested. There was much fluid in the 
abdominal cavity. Certain of these abdominal conditions were 
considered to be of longer standing than the present feeding would 
account for, and possibly were the result of earlier experiments made 
on this sheep. 

The volatile oil, emulsified in sirup with acacia, w T as fed to oats 17 
and 19. On November 26, 1923, cat 17 received 0,45 gm. of oil and 
November 27, 0.60 gm. On November 26 cat 19 received 0.30 gm. 
and November 27, 0.60 gm. of oil. Both animals survived the doses 
and showed no abnormal effects from them. 

From April 15 to 30, 1924, sheep 782 was given 13 daily doses 
of 1 gm. each of oil, emulsified in sirup with acacia. The total dosage, 
equivalent to 32.75 pounds of green plant per hundredweight of 
animal, produced no effect. 

From these experiments it is apparent that- the essential oil, while 
toxic in large doses, is not the constituent responsible for trembles. 

WATER- AND ALCOHOL-SOLUBLE CONSTITUENTS 
LOT NO. E I 

The material consisted of 1,805 gm. of green plant that had been 
hashed and put into alcohol November 17, 1916, by W. N. Berg, 
then of this laboratory, who turned the specimen over to the writer 
in 1918. October 15, 1918, it was packed into two glass percolators 
and exhausted with strong alcohol. The alcohol was removed from 
the percolate by distillation, leaving a brown, aqueous solution on 
68829—27-6 
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the surface of which was an oily layer. A resinous precipitate was 
distributed throughout the aqueous solution. The whole was extracted 
with petroleum ether (E 1. AB). The water residue was filtered 
from the precipitated resin and tested on guinea pig 46, in 10 c. c. 
doses, equivalent to 65.64 gm. of green plant. Five doses were 
given from November 21 to November 27. The animal showed no 
abnormal effects from these doses. It was killed for autopsy, which 
revealed a slight gastroenteritis. 

LOT NO. E 2 

Four thousand four hundred and thirty-two gm. of dried whole plant 
were ground to a No. 20 powder and extracted with strong alcohol. 
The solvent was distilled from the percolate and the resinous residue 
extracted with boiling water. The filtered water solution was 
evaporated to convenient bulk. It responded to Mayer’s test for 
alkaloids; consequently it was made alkaline with sodium hydroxide 
and shaken out first with chloroform which removed very little, and 
then with amyl alcohol which removed a basic substance. 

VOLATILE, WATER-SOLUBLE MATERIAL 

The distillate from the water solution of E 5 was cohobated unti^ 
its volume was reduced to 6 liters. It was treated with a slight 
excess of sodium hydroxide and submitted to steam distillation until 
pure water alone came over. The distillate (E 5. BAAA) bore the 
characteristic odor of the plant, but only minute quantities of oil 
separated. It did not react with ferric chloride. Fourteen doses 
of it drenched into sheep 639 resulted in no other effect than a slight 
catharsis. The alkaline residue (E 5. BAAB) was evaporated to 
dryness when it weighed 48 gm. Half of it was dissolved in water, 
neutralized with acetic acid, and fed to sheep 631 in divided doses. 
The sheep remained normal. 

The extracted water solution (E 2. ABC) was fed to sheep 539. 
Four doses estimated to represent 3 pounds of green plant each and 
4 doses estimated to represent 4.5 pounds of green plant each, a 
total of 30 pounds, fed to this animal, produced no ill effects. 

LOT NO. E 5 

The press cake (see p. 560) was extracted similarly with alcohol. 
The resinous residue obtained was fractionated with sodium-carbo¬ 
nate solution which dissolved the 'remaining water-soluble con¬ 
stituents as well as a resin acid. The testing of this fraction is 
described under the heading u Resin acids.” 

LOTS NOS. E 6, E 7, E 9, AND E 10 

E 6, E 7, E 9, and E 10 yielded similar water solutions. E 6 B was 
fed to sheep 6 in 100 gm. doses. Five daily doses each, equivalent 
to 8 pounds per hundredweight given to the animals, produced no 
effect. The water solution gave evidence of the presence of a glu- 
coside and responded to Mayer’s test. Acetic acid was present, and 
levulose, probably resulting from the hydrolysis of inulin, was 
detected. The water solution from E 7 was tested for tremetol 
with negative results. 
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ALKALOID 

The amyl-alcohol solution containing the alkaloidal substance 
extracted from E 2. ABC was treated with dilute hydrochloric acid 
which extracted the base. A quantity of this, estimated to be 
equivalent to 24.4 pounds of green plant, was fed to sheep 534 August 
19, 1919, and did not affect the animal. 

ALCOHOL-SOLUBLE, WATER-INSOLUBLE CONSTITUENTS 
Fats, Resins, Resin Acids, Esters 

LOT NO. E I , 

Half of the resinous precipitate was emulsified in mucilage or 
Irish moss and given to guinea pig 55 in a dose equivalent to 900 gm. 
of the green plant. The animal died during the night after showing 
symptoms of depression. The autopsy was negative. 

Thereafter all resinous fractions were treated with sodium-car¬ 
bonate solution before testing on experimental animals. 

The remaining half of the resinous fraction was treated with 
sodium carbonate solution which dissolved a large portion of it. 
This fraction was given to guinea pig 57 in doses beginning December 
13, 1918. The animal became depressed, rapidly lost weight and 
died on December 31 showing symptoms of respiratory paralysis. 
An autopsy show r ed the animal greatly emaciated; the organs, how¬ 
ever, appeared normal. 

LOT NO. E 2 

A similar fraction containing resin acids (E 2. AAA) w T as dissolved 
in.sodium-carbonate solution and fed to sheep 550 in 33 doses from 
July 5 to July 13, 1919. The quantity fed w T as increased from 1 to 
15 gm. per dose. An equivalent of 35.31 pounds of green plant fed 
to the sheep during this period produced no effect. 

LOT NO. E 5 

The resin-acid fraction from this extraction (E 5. AAA) was dis¬ 
solved in sodium-carbonate solution and fed to sheep 622 from July 22 
to August 4, 1921, in doses equivalent to 2.5 pounds per hundred¬ 
weight. Fourteen doses were administered, equal to 35 pounds of 
green plant. There w r as a slight but definite depression of the pulse 
but no other abnormal symptom w T as observed and the animal 
recovered. 

LOT NO. E 7 

The homologous fraction (E 7. AAB) was fed to sheep 6 from 
August 3 to August 10, 1926, in seven daily doses, each equivalent 
ip 7.5 pounds of green plant per hundredweight of animal, or a total 
rot 52.5 pounds. There was no effect from this feeding. 

A series of feedings of this fraction were made to 6 guinea pigs 
and 2 rabbits. The results are tabulated in Tables 3 and 4. Of the 
6 guinea pigs, 5 were made sick and 4 of them died. 
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Table 3. —Quantities of resin acids fed to rabbits and guinea pigs , 1926 


Date 


Guinea pig No. 


Rabbit No. 

297 * 298 j 

299 

300 

301 | 302 

■ ! 

28 

29 


Mg m. j Mgm. 

Mgm 

Mgm 

Mgm . Mgm 

Mgm. 

Mgm. 

Aug. 9... 

39 1 78 

136. 5 

58.5 

117 , 156 

476.15 

238.07 

Aug. 11.-. 

39 78 ! 136.5 

58.5 

117 L. 

476.15 

238. 07 

Aug. 20 _ 

78 '__ 

1 273 I 

117 

234 . 

952.3 

476.15 

Aug. 28_ - _ _ 


1 273 

117 

1 

952.3 

476.15 

Sept ° 


273 

117 

|_ ... 




; 



1 

j i 


Table 4. —Weights of guinea pigs and rabbits fed resin acids, 1926-27 


Date 


1926: 

Aug, 9. 

Aug. 11- 

Aug. 14_ 

Aug. 16. 

Aug. 19_ 

Aug. 26- 

Aug. 28_ 

Sept. 2. 

Sept. 29. 

Oct. 7. 

Oct 11. 

Oct. 16_ 

1927. 

Jan. 7- 


Guinea pig No. 


Rabbit No. 


297 

298 

299 ; 

300 | 

301 

302 

Grams 1 

Grams 

Grams 1 

Grams 

. 1 

Grams 

Grams ) 

460 ' 

430 ! 

545 

470 I 

510 

560 i 

480 , 

450 

550 , 

490 i 

510 

Dead. 

470 ; 

400 

580 , 

495 

500 

U.1 

435 ' 

355 ' 

575 

495 J 

i 500 

1 i 

400 

Dead, i 

595 

525 | 

520 

: 1 

330 


625 j 

545 

■ Dead. 

1 


310 iZIIIIIIIII 625 ! 540 j. 

Dead. —. 640 | 525 j 


28 


Grams 
1,865 
1,845 
1,815 
1,880 
1,870 
1,895 
1,895 
1,880 
1, 550 
1,380 
1, 305 
1.115 


29 


Grams 
1,635 
1,595 
1, 595 
1, 605 
3,610 
1, 630 
1,605 
1, 670 
1,790 
1,740 
1, 715 
l, 690 


1, 450 


Guinea pig 302 may have succumbed to a traumatic pneumonia. 
The three other pigs remaining, which died from the dosage, all 
showed the same symptoms of depression. The autopsies revealed 
anemia, great emaciation, enlarged liver and spleen. The urine 
collected at autopsy was usually pale, cloudy, acid, and contained 
albumin. Acetone, dicetic acid, and reducing substances were not 
found. The two rabbits fed were made sick. Rabbit 28 died 
October 17, after losing a total of 750 gm. of its original weight. 
The post-mortem examination revealed emaciation and anemia. 
Urine collected at autopsy was acid and contained albumin. Sugar 
and acetone bodies were absent. 

Rabbit 29 was observed for five months and was finally discharged 
January 7, 1927, when he had lost a total of 185 gin. of his original 
weight. This animal survived the treatment, but appeared to be 
permanently affected, inasmuch as he failed to gain weight or to 
recover from depression, although more than four months had elasped 
since the last feeding of resin acids. 

NONACIDIC CONSTITUENTS OF THE RESINOUS FRACTION 
Fats, Waxes, Esters, and “Lipoid Fraction” 
lot NO. e i 

The portion of the resin not soluble in sodium carbonate was 
emulsified in 50 per cent alcohol and given to guinea pig 70 January 
2 , 1919. The animal became depressed, lost 26 per cent of his 
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original weight, and finally died January 14. Post-mortem change 
was so far advanced that no conclusions could be drawn from the 
autopsy. 

LOT NO. 15 2 

A similar fraction (E 2. AAB) was emulsified in water and drenched 
into sheep 522 in two doses. No effect was observed. 

LOT NO. E 5 

The corresponding fraction (E 5. AAB) was emulsified in water 
with acacia and seven doses of 65 c. c. each, equivalent to 2.5 pounds 
of green plant per hundredweight of animal, were given to sheep 625 
from August 30 to September 5, 1921. The sheep developed a posi¬ 
tive case of trembles. Feeding was discontinued and the animal 
slowly recovered. Another portion of the same fraction was given 
in seven doses of 66 c. c. (2.5 pounds per hundredweight) to sheep 
650 from September 6 to September 13. The animal developed a 
positive case of trembles. She was killed for autopsy September 
19. The post-mortem examination showed some slight congestion 
in the lower ileum, liver pale and yellowish, and the cortex of the 
kidney dark. A sample of blood drawn from the left jugular vein 
immediately after death v r as tested for acetone bodies, with a 
positive result. 

Specimens of urine obtained from both sheep 625 and sheep 650 
contained acetone, and the odor of that ketone was noticeable on the 
exhaled air in both cases. 

LOT NO. E 6 

The corresponding fraction from this extraction (E 6. AAA) was 
not fed as such but was divided by means of solvents into several 
portions, as follows: 

Petroleum ether extracted_ 0.768 per cent of green plant (E 6. 3AB) 

Benzene extracted_0.36 per cent of green plant (E 6. 4AB) 

Alcohol extracted.. 0.098 per cent of green plant (E 6. 5AC) 

The alcohol extract was divided, and a small portion of it was 
extracted successively with ether and chloroform, as follows: 

Ether extracted_ 0.062 per cent of green plant (E 6. 5AB) 

Chloroform extracted_ 0.033 per cent of green plant (E 6. 6AB) 

The material extracted by the solvents was given to sheep and 
guinea pigs. 

The petroleum-ether fraction was emulsified in water with acacia 
and 12 doses, each equivalent to 2.5 pounds of green plant per 
hundredweight of animal, were drenched into sheep 677 from 
July 10 to July 21, 1922, with no effect on the animal. Three doses 
of 1 gm. each (emulsified) were given to guinea pig 197 from 
December 13 to December 19, 1921. The animal was made sick 
but recovered. 

A series of 21 doses of the fraction emulsified in water with acacia 
were given to guinea pigs 199 and 200 from March 8 to April 1, 1922, 
the doses being gradually increased from 2 to 5 gm. during the inter¬ 
val. Guinea pig 200 was made sick and died April 9. Pig 199 
showed no abnormal effect from the feeding and survived. Guinea 
pig 197 which received 3 gm. doses of this fraction from December 13 
to December 19, 1921, w T as made sick, but eventually recovered. 
This fraction save a faintly positive test for tremetol. 
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The benzene fraction was emulsified in water with acacia and fed 
to guinea pigs 199 and 200 from January 26 to February 16, 1922. 
Each animal received 14 doses of 0.3 gm. corresponding to 78.3 gm. 
of green plant, or a total of 1,096.2 gm. of green plant for the entire 
period. Neither animal was affected by this treatment; both gained 
weight and appeared perfectly healthy during the experiment. The 
fraction was emulsified and fed to sheep 674 from July 15 to July 25, 

1922, in eight doses of 2.5 pounds and two doses of 5 pounds of green 
plant- per hundredweight. The total dosage, 30 pounds, did not 
affect the animal. This fraction did not respond to the test for 
tremetol. 

The ether fraction was emulsified in water with acacia and fed to 
guinea pigs 201 and 202. Each animal received seven daily doses of 
0.1 gm., equivalent in all to 200.7 gm. of green plant, from February 
20 to February 28, 1922. Neither animal was affected by the 
material given. 

The alcohol fraction was emulsified in water with acacia and fed 
to sheep 679 in 12 daily doses of 2.5 pounds per hundredweight from 
July 11 to July 22, 1922. On July 24 and 25 the doses were doubled 
so that the sheep received a total of 40 pounds per hundredweight. 
The sheep showed some slight symptoms of colic on July 22 and 23 
but otherwise remained normal. The alcohol fraction was also fed 
to guinea pigs 201 and 202 in four doses totaling 0.7 5 gm. of fraction, 
equivalent to 1,405 gm. of green plant. Sheep No. 202 was not 
affected but sheep No. 201 became sick and died one month after 
the last feeding. The post-mortem examination revealed anemia, a 
pale liver, and pale kidneys. The fraction did not respond to the 
test for tremetol. 

A mixture of the petroleum-ether and benzene fractions was made 
in equivalent proportions, and this mixture, equal to 15 pounds of 
green plant per hundredweight of sheep, was emulsified in water 
with acacia and fed to sheep 679 from July 27 to August 1, 1922, in 
immediate succession to feedings with the alcohol extract. (See 
above.) There was no effect from this treatment. 

LOT NO. E 7 

The residue obtained by distilling the solvent from the alcoholic 
percolate of this plant consisted of mixed fats, resins, and water 
solution. It was so difficult to filter that it was extracted with ben¬ 
zene, which dissolved the major portion of the water-insoluble matter 
present. The benzene solution was washed with several portions of 
aqueous sodium carbonate to free it from acidic constituents, sepa¬ 
rated from the water solution, and the benzene distilled off. The 
residue was a deep-green mass of the consistency of lard. It weighed 
664 gnu and constituted 2.04 per cent of the green plant extracted. 
Four daily doses of an emulsion of this fraction were given in drenches 
to sheep 707. The animal received a total of 18.4 pounds of green 
plant equivalent per hundredweight from March 13 to March 16, 

1923. The animal developed trembles and died during the night of 
March 18. The post-mortem examination revealed the lungs con¬ 
gested, light-colored areas in the liver which had the appearance of 
fatty degeneration, and the spleen pale. The other organs and the 
musculature were pale. Post-mortem change was marked. The 
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meat from this carcass was fed to cats 17, 18, and 19 from March 19 
to March 28, 1923, but did not affect them. 

Two doses of this fraction were given to guinea pig 213, the first 
February 28 and the second March 1 , 1923. Each dose consisted 
of 0.2 gm. of the fraction and was equivalent to 10 gm. of green plant. 
The animal remained normal until March 10, when symptoms of 
depression appeared. These became progressively worse and the 
animal died March 23. The autopsy showed some congestion of the 
lungs, spleen pale and brownish, liver dark, and other organs normal. 
Urine taken from the bladder did not contain acetone. 

LOT NO. E 9 

A similar fraction (E 9. A) was emulsified in sirup with acacia and 
four doses of 27.4 gm., equivalent in all to 16 pounds of green plant 
per hundredweight, were given to sheep 782 from February 9 to Feb¬ 
ruary 12, 1925, without affecting the animal. The same fraction was 
fed twice to sheep 4 without producing trembles; from April 1 to 
April 9, 1925, this sheep received eight daily doses of 15 gm., a total 
of 32 pounds of green plant per hundredweight, and from April 22 to 
April 25, 1925, the sheep received four daily doses of 30 gm., equiva¬ 
lent in all to 32 pounds of green plant per hundredweight. Various 
fractions of this extract were also fed and are described below. In no 
case w 7 ere symptoms observed and it was concluded that the original 
plant was nontoxic or that the process of extracting the soluble con¬ 
stituents had in some way altered the toxic principle. 

Inasmuch as E 7 was processed in the same way and was toxic, it 
does not seem probable that the last hypothesis is correct. This 
fraction was later tested for tremetol and was found to contain a very 
small quantity of the toxic substance. 

LOT NO. E 10 

The corresponding fraction from this lot was obtained by treating 
the residue that remained, after the alcohol had been distilled from 
the percolate, with boiling water as long as soluble material was 
extracted. The insoluble material was then extracted with boiling 
50 per cent alcohol as long as anything could be extracted. The 
insoluble matter w r as labeled E 10. AAA. It gave no test for tremetol. 
Twelve daily doses of this fraction, emulsified in sirup with acacia, 
and consisting of 27 gm. each, equivalent to 3 pounds of green plant 
per hundredweight, were given to sheep 5 from March 22 to April 3, 
1926. The sheep was not affected. The material dissolved in 50 per 
cent alcohol was recovered by distilling off the solvent. This fraction 
responded to the test for tremetol. It was emulsified in sirup with 
acacia and given to sheep 5. From March 4 to March 6, 1926, the 
sheep received three daily doses of 7 gm., equivalent to 1.65 pounds of 
green plant per hundredweight. From March 7 to March 18, 1926, 
the sheep received nine daily doses of 10.56 gm., equivalent to 2.5 
pounds per hundredweight. No effect was apparent, although the 
total dosage was equivalent to 27.5 pounds of green plant. 

From April 12 to April 15, 1926, the same sheep was given four 
daily doses of 21.12 gm. each, corresponding to 5 pounds of green plant 
per hundredweight, or a total of 20 pounds. The sheep remained 
normal until April 16, when he began to tremble. He became pro - 
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gressively worse and died April 22. During the sickness several sam¬ 
ples of urine and blood were obtained. On April 16, when trembling 
first appeared, the sheep was not excreting acetone bodies, but on the 
following morning there was an acetone odor on the breath and the 
urine contained a quantity of this ketone. From that day onward 
the animal excreted acetone continuously by the lungs and kidneys. 
At autopsy the only marked abnormality was apparent degeneration 
of the liver. The carcass had a strong odor of acetone. Blood and 
urine, collected at autopsy, were tested and found to contain acetone. 
In the urine the proportion of acetone was 24.32 mg. per 100 c. c. 
The blood sugar was markedly high during the sickness. On March 
22 , when the sheep appeared to be normal, a sample of blood drawn 
from the left jugular vein was subjected to analysis and the content of 
blood sugar was determined as 0.104 gm. per 100 c. c. Blood drawn 
similarly April 16 when the sheep was trembling gave an average of 
0.168 gm. per 100 c. c. for two determinations. At this time feeding 
with the Eupatorium extract was discontinued and the sheep was 
given oats. Another sample of blood was taken April 22 from which 
a blood sugar content of 0.138 gm. per 100 c. c. was determined. 

The remainder of the extract that had proved fatal to sheep 5 was 
treated with boiling 30 per cent alcohol in successive portions as long 
as soluble matter was dissolved. The insoluble residue (E 10. AABB) 
which gave no test for tremetol, was tested on sheep 6. Five daily 
doses of the emulsified material, equivalent to 7.5 pounds of green 
plant per hundredweight of sheep per dose, were given from May 8 to 
May 13, 1926. The total dosage was 37.5 pounds. There w r as no 
effect from this feeding. 

The results obtained from feeding experiments with the “lipoid” 
fraction indicated clearly that the toxic principle responsible for 
trembles was contained in that fraction. Failure to produce poison¬ 
ing in sheep with the extracts made from lots E 6 and E 9 was appar¬ 
ently due to their small content of tremetol. Lot E 6 w r as collected 
at Woodmont, Va., in a district where milk sickness had not been 
observed, so far as the writer knows. It is possible that plants from 
this locality are innocuous. Lot E 9, however, was collected in two 
places in Illinois from which very toxic plants were obtained at other 
times. Lot E 2 failed to yield a toxic lipoid fraction; this material 
was dried plant, however, and was not expected to be very toxic. 

HYDROLYSIS OF THE LIPOID FRACTION 
LOT NO. E 7 

Failure to obtain crystalline substances by chemical treatment of 
the fraction led to the decision to hydrolyze it with alcoholic potas¬ 
sium hydroxide. Accordingly this was done. A quantity of the 
toxic fraction was boiled under reflux with 5 per cent alcoholic potash 
until hydrolysis was complete; the alcohol was then removed and the 
bright-green residue was treated with water in which the soaps 
dissolved and emulsified the insoluble matter. This mixture was then 
repeatedly extracted with ether, which slowly removed a yellowish 
mass that was obtained by evaporating the solvent. The residue is 
described below as the “sterol” fraction. The soaps were decom¬ 
posed with hydrochloric acid, and the precipitated mass was filtered 
off. The tests made on this material arc described under the heading 
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“fatty acids.” The filtrate was further extracted with ether to 
recover the water-soluble acids; the ether was shaken with sodium- 
carbonate solution, which took out a small quantity of acetic acid. 
Following the ether extraction the water solution "was evaporated 
to small volume, and glycerine was detected in the residue. 

THE FATTY ACIDS 
LOT NO. E 7 

The precipitate containing the fatty acids was washed with water, 
and a. portion was emulsified in acacia and water for feeding. From 
April 3 to April 11, 1923, sheep 708 received four doses of this emul¬ 
sion, each equivalent to 4 pounds of green plant per hundredweight, 
or a total of 24.3 gm. of the fraction. 

On April 4 the sheep gave birth to a normal lamb. The animal 
was rested for 5 days before the experiment was resumed. There 
was no toxic effect from this feeding. 

THE STEROL FRACTION 
LOT NO. E 7 

The material extracted by ether from the mixture of hydrolytic 
products consisted of a yellowish, partly crystalline, unctuous mass 
which had an agreeable aromatic odor, somewhat resembling that of 
nutmeg. Three daily doses of this fraction each containing 10.72 
gm., equivalent to 4 pounds per hundredweight, were fed in emulsion 
to sheep 708 from April 16 to April 18, 1923. On April 19 the animal 
was unable to stand without trembling. The symptoms of trembles 
became worse, and the animal died Sunday morning, April 22. By the 
following day post-mortem change w T as so advanced that no con¬ 
clusions could be drawn from autopsy. 

The suckling lamb of this ewe, sheep 709, had received the milk 
from the mother during the feeding and the subsequent disease 
period. At the beginning of the experiment the lamb was healthy 
and normal. On April 21, two days after the appearance of trembles 
in the mother, the lamb also showed symptoms of trembles. These 
developed rapidly until the lamb was unable to stand. After the 
death of the mother the lamb was fed cow’s milk for several days. 
During this period no improvement occurred. A specimen of urine 
was obtained April 26. This was acid and contained acetone. The 
lamb was also excreting acetone by the lungs. The lamb was killed 
for autopsy April 2S and the post-mortem examination was imme¬ 
diately made. The liver appeared discolored and the kidneys were 
degenerated. The other organs appeared to be nornial.. 

This experiment definitely located the toxic principle in the sterol 
fraction and there arose the problem of separating it from the other 
sterols present. A portion was submitted to steam distillation, but 
only a very small quantity of volatile material was obtained. The 
main portion of the sterol fraction was dissolved in hot 85 per cent 
alcohol and allowed to cool w T hen a considerable quantity of needle- 
shaped crystals separated out. These were collected by filtration 
and the filtrate was twice concentrated, each time yielding a crop of 
the same substance. These crops were united and recrystallized 
from 85 per cent alcohol, when the substance was obtained pure. 
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The mother liquors yielded an impure crop of this substance that 
was contaminated with oily matter. 

The mother liquors from which the crystalline sterol was obtained 
were concentrated by evaporation, but nothing further could be made 
to crystallize from them. The solvent was removed and left a vis¬ 
cous, oil t y residue of aromatic odor. The larger portion was soluble 
in petroleum ether. The soluble matter was labeled E 7.6 A, the 
insoluble E 7.5 AB. 

THE CRYSTALLINE STEROL 

The crystalline sterol was a mass of soft, white needles melting at 
148 to 149° C. and soluble in the ordinary organic solvents. Ele¬ 
mentary analysis indicates that the formula is Ci 8 H 30 O. It does not 
give the characteristic reactions of phytosterols. A quantity of this 
substance was emulsified in water with acacia. Four daily doses each 
containing 1.2 gm. of the substance, equivalent to 4 pounds of green 
plant per hundredweight of sheep, were fed to sheep 779 from July 3 
to July 7, 1923, but produced no effect on the animal. A second 
feeding of this mixture was made between August 28 and September 5, 

1923, when the same sheep received 6 daily doses of 2.5 gm. and one 
of 2 gm., or a total of 54.4 pounds equivalent of green plant. There 
was no effect from these feedings. 

LOT NO. E 9 

A similar fraction from another lot (E 9. AAD), which consisted 
largely of the sterol, was fed in varying doses from June 24 to July 5, 

1924, to sheep 782. This animal received in all 9 doses containing 
a total of 33.4 gm. of the fraction, equivalent to 63.8 pounds of green 
plant per hundredweight. There was no effect from this feeding. 

These findings show T ed that the toxic principle was to be sought for 
in the other two fractions of the original sterol fraction, the portion 
soluble in petroleum ether, and the small quantity of material 
insoluble in that solvent. 

THE PETROLEUM-ETHER INSOLUBLE FRACTION 

This fraction labeled E 7.5 AB was a thick, brownish noncrystallino 
mass which weighed 8 gm. Nothing crystalline could be prepared 
from it. It was emulsified in water with acacia and fed in four 
doses of 1 gm. each to sheep 779 from August 2 to August 6, 1923, and 
in a dose of 3 gm. August 14. There was no effect from the feeding. 

THE PETROLEUM-ETHER SOLUBLE FRACTION 

The experimental feedings, described above, which showed the 
lack of toxicity of all other fractions of the original sterol fraction made 
it evident that E 7.6 A contained the toxic principle. Efforts were 
then directed toward separating this fraction into its constituents, 
which were mainly tremetol, with some crystalline sterol, coloring 
matters, probably carrotin, and perhaps other unknown substances. 
A portion of the crystalline sterol was removed by cooling the fraction 
to a low temperature and filtering it from the separated crystals. 
Other methods of separation were tried but none were successful, 
and finally it "was decided to distill the fraction under very dimin¬ 
ished pressure and to test the distillates. 
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Three fractions were obtained, upon vacuum distillation, as follows: 

Distillate I, 188 to 192° C. (15 mm.) 15 gm. 

Distillate II, 192 to 256° C. 10 gm. 

Residue. 

The distillates were united and again distilled. Four fractions 
were obtained as follows: 

Distillate I, 166 to 170° C. (15mm.) 5 gm. Tremetol test, negative. 

Distillate II, 170 to 205° C. (12 mm.) 10 gm. Tremetol test, positive. 

Distillate III, 205 to 235° C. (12 mm.) 5 gm. Tremetol test, negative. 

Residue very small. 

The temperatures at which the second distillates were obtained 
indicate that there had been some decomposition during the first 
distillation. 

All the distillates were thick, oily liquids; the higher boiling frac¬ 
tion on cooling deposited a small quantity of crystals. 

Distillate II was injected intraperitoneally into three guinea pigs 
June 14, 1928. Pig No. 236 received 0.2 c. c., pig No. 211 received 
0.3 c. c., and pig No. 239 received 0.5 c. c. All were made sick and 
No. 239 died during the night of June 15-16. The post-mortem 
examination revealed a considerable yellowing of the liver and pale 
kidneys, the other organs being normal. Guinea pigs 211 and 236 
were depressed for several days but finally recovered. 

Four grams of this fraction were mixed vfith a little cottonseed 
oil (to facilitate emulsification), emulsified in water with acacia, 
and fed in four daily doses of 1 gm. each to sheep 779, from July 11 
to July 14, 1923. There was no effect from this feeding. 

A similar distillate from lot E 8 fed to sheep 782 from January 2 
to January 5, 1924, in four doses of 1.25 gm. each (emulsified) 
produced no effect on the animal. 

The remaining vacuum distillates and the residue obtained in the 
first distillation were fed separately in large doses to this sheep, but 
in no case was the animal affected. It seemed likely, therefore, that 
the toxic substance was altered by the distillation. 

A small quantity of the undistilled petroleum-ether-soluble mate¬ 
rial, calculated to be equivalent to 31.34 pounds of green plant, but 
probably equivalent to much less on account of various losses inci¬ 
dental to chemical processing, was emulsified and fed to sheep 779 
in two doses on September 12 and 13, 1923. This treatment ap¬ 
peared markedly to depress the animal, but no trembling was ob¬ 
served, and the feedings could not be continued on account of lack 
of material. 

TREMETOL 

Fractions E 5. AAB, E 7. 3A, and E 10. AAB, which consisted in 
part of tremetol and fractions E 7.4A and 7.5A, which were impure 
tremetol, were fed to sheep 625, 650, 707, 5, 708, and 779. All the 
sheep were affected and the first five developed characteristic symp¬ 
toms of trembles; sheep 625 recovered and the remainder died. 
Sheep 709, a suckling lamb that received the milk of sheep 708 
while the latter was sick with trembles, also developed characteristic 
symptoms of the poisoning. 

Many feeding tests have been made on guinea pigs, but these 
animals have not reacted in any uniform fashion to the doses given. 
Highly purified tremetol, from a lot used for chemical analyses and 
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molecular-weight determinations, was injected intraperitoneally into* 
4 guinea pigs July 8, 1926. Pigs 293, 294, 295, and 296 received 
respectively 0.2 c. c., 0.1 c. c., 0.15 c. c., and 0.3 c. c. All were made 
sick, pigs 294 and 295 died in 7 days, and the post-mortem examina¬ 
tion, 4 disclosed the nutmeg liver commonly found in trembles cases. 
The remaining animals that received the larger doses survived. 
On July 27 these were again injected intraperitoneally, pig 293 
receiving 0.25 c. c. and pig 296 receiving 0.3 c. c. Both were made 
sick. Pig 296 showed very severe symptoms, lost considerable 
weight, and died August 29. 

The autopsy revealed emaciation, anemia, and some enlargement 
of the liver. The urine was acid and contained albumin, but no¬ 
acetone bodies. At first, pig No. 293 did not appear greatly affected. 
He became depressed and finally lost weight, and was found dead 
September 15, seven weeks after the last injection. Autopsy showed 
emaciation, and anemia. The liver was pale and contained several 
large, yellowish areas, the kidneys were pale, and the spleen was 
enlarged and dark. There were three small healed ulcers on the 
mucosa of the ileum. No odor of acetone was present. 

The experimental evidence indicates that tremetol is the sub¬ 
stance that causes the disease known as trembles in cattle, horses, 
and sheep. On account of the small quantity of pure tremetol 
available it was impossible to conduct confirmatory experiments on 
large animals during this investigation. Final proof of the causal 
relationship of tremetol to trembles, therefore, must be delayed 
until such experiments can be carried out. Efforts are in progress- 
to prepare a quantity of pure tremetol for this purpose. 

FEEDING OF EXTRACTS THAT DID NOT CONTAIN TREMETOL 

All other constituents of the plant were fed at one time or another 
to sheep, guinea pigs, rabbits, and cats. The only other constitu¬ 
ents of the plant that produced death or symptoms of poisoning 
were the resin acids and the volatile oil. Several feedings of the 
resin acids to sheep 6, 550, 622, and 679 produced no effect except 
that in the case of sheep 622 a small but definite depression of the 
pulse rate was observed. Certainly the resin acids are incapable 
of producing trembles and probably play no r61e in milk sickness 
under usual conditions. 

The resin acids are, however, toxic to rabbits and guinea pigs,, 
when derived from either green or dried plants. 

It is very likely that many of the cases produced in guinea pigs 
and rabbits in experimental feeding with Eupatorium urticaejolimn , 
green and dried, and with extracts made from it, have been the result 
of poisoning by the resin acids rather than by tremetol. This would 
account for the toxicity of the dried plant and its extracts to labora¬ 
tory animals as reported by several investigators, a fact which seemed 
contrary to the general experience that dried plant would not produce 
trembles in cattle and sheep when fed in moderately large doses. 
Drying the plant apparently does not greatly diminish the toxicity 
of these resin acids. 

None of the remaining constituents of Eupatorium urticaefolium 
was observed to be harmful to the animals experimented with even 
in the very large doses sometimes fed. 


4 Conducted by W. S. Gochenour, to whom the author wishes to express his appreciation. 
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GLUCOSIDES 

. Aqueous extracts that contain the glucosidal substance present in 
jichweed fed to several guinea pigs and to sheep 539, 596, 650, and 
•6 produced no effect on these animals. This fact considered in con¬ 
junction with other evidence as to the character of the toxic principle 
seems to indicate that this glucoside is not toxic and bears no rela¬ 
tionship to trembles. 

ALKALOIDS 

The basic substances extracted from lot E 2 were fed to sheep 
534. . The. bases were also present in the aqueous extracts fed as 
described in the preceding paragraph. No evidence of toxicity was 
■obtained as a result of these feedings, and it is apparent that the 
basic constituents of richweed are not responsible for the toxicity of 
the plant. 

ALUMINUM PHOSPHATE 

No feedings with aluminum phosphate were made. The extensive 
feeding experiments reported by Wolf, Curtis, and Ivaupp (22), the 
abandonment of the aluminum hypothesis by Moseley (13), who 
-originated it, the absence of anything in the pharmacology of alumi¬ 
nium compounds that supports the hypothesis, and the discovery of 
an aluminium-free substance that does produce trembles, all obviate 
the necessity of experimental work with this compound. 

DRIED AND GREEN PLANTS 

Lots E 2 and E 8 were specimens of dried Eupatorium urticaefolium 
that had been collected in the neighborhood of Beecher City, Ill., in 
1915, and dried and stored, one for 4 and the other for 8 years before 
being used in this investigation. No cases of trembles were pro¬ 
duced by extracts of these specimens. Eight lots of green plant were 
used, 4 from Virginia and 4 from Illinois. Of the Virginia collection, 
1 was extracted and fed only to guinea pigs, 2 others were fed in 
substance, and the fourth lot was extracted and fractionated and the 
fractions fed to sheep. None of these feedings produced cases of 
trembles. Of the 4 lots of green plant obtained from Illinois, 3 
were extracted and produced trembles in sheep; the fourth lot was 
•extracted and fractionated but no cases of trembles were obtained 
from the feeding of this material. Green plant packed in milk cans 
and preserved in chloroform water furnished the most active extracts 
used; other samples of green plant that were mailed to Washington 
from Illinois as soon as they were collected and which were received 
within 3 or 4 days and immediately placed in alcohol, were of di¬ 
minished toxicity. 

The color reaction for tremetol has been applied also to specimens 
of green and dried plants. A sample of the plant collected at the 
time the material of lot 5 was gathered in Illinois, September,. 1920, 
was shipped in a gunny sack to Washington and w 7 as dried in the 
laboratory. After six years 7 storage there a portion of it was sub¬ 
mitted to the test for tremetol with negative results. 

Inasmuch as this plant came from a lot that was very toxic, as 
demonstrated by feeding tests, the failure to get a positive test for 
tremetol is quite conclusive evidence that drying destroys this toxic 
principle. Another sample of dried plant, collected at Woodmont, 
Ya., in June, 1921, and immediately dried in the shade, was tested 
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after five years’ storage in the laboratory. This sample was also 
negative when tested for tremetol. 

Specimens of fresh plant from Arlington Comity, Va., were tested 
during the summer of 1926. Several plants collected at different 
times at one place in Woodniont reacted positively to the tremetol 
test. A number of other specimens, collected at a point about one- 
half mile from the first lot, and at different times, gave either a faint 
or a quite negative reaction to the tremetol test. 

MILK SICKNESS, TREMBLES, AND ACIDOSIS 

Since the first publication on milk sickness by Drake (Jf) reference 
has been repeatedly made to a peculiar odor on^ the breath and 
eructations of milk-sickness patients and animals with trembles, and 
to the marked odor observed about corpses and carcasses of victims 
of the poisoning. 

Drake says, “The breath is peculiarly disgusting, even loathsome,” 
and in fact this symptom so uniformly accompanied the malady that 
it was considered pathognomonic by many physicians. 

Walsh (20) suspecting that the foul odor was due to the excretion 
of acetone by the lungs and recognizing the similarity between cer¬ 
tain symptoms of milk sickness and diabetes, diagnosed human milk 
sickness as acidosis and tested for acetone in the urine. This ketone 
was found in several specimens. 

Jordan and Harris (9), who were in consultation with Walsh, 
obtained specimens of urine from his cases. In two of these speci¬ 
mens acetone was detected; in a third, taken from a mild case from 
which the patient had previously recovered, no acetone was detected. 

From one of the positive urines R. T. Woodyatt, of the University 
of Chicago, was able to isolate acetone and identify it by means of 
the paranitrophenylhydrazone. 

# Walsh (21) has reported additional cases of milk sickness in which 
acidosis was observed. 

In the course of the present study a great deal of evidence has been 
obtained which demonstrates conclusively that an acidosis accom¬ 
panies Eupatorium poisoning. The odor of acetone has been ob¬ 
served on the breath of each sheep that was trembling and in all 
such cases in which a test was made the presence of acetone in the 
urine was demonstrated. In a few cases, acetone was tested for and 
demonstrated in the blood. Inasmuch as symptoms of severe poison¬ 
ing appear at least 24 hours before acetone may be detected in the 
urine or on the breath, it seems that the acidosis is a consequence of 
the poisoning and not one of the casual factors. 

The results obtained in the examinations for acetone are presented 
in Table 5. 


Table 5. —Excretion of acetone by sheep poisoned by rich weed 


Sheep I Date of »!*»«$»? 

No. s trembling 

Date acetone 
was found a 1 
in urine 

Acetone in blood 

Termination of 
sickness 

625 ' Sept. 4,1921 Sept. 6,1921 
650 1 Sept. 13,1921 ! Sept. 15,1921 

709 Apr. 21,1923 ! Not noted. 

5 Apr. 16,1926 ! Apr. 17,1926 

Sept. 6,1921 ! 
Sept. 15,1921 j 

Apr. 26,1923 ! 
Apr. 17/1926 | 

Not tested for. 

Recovered. 

Killed for autopsy, 
Sept 19,1921 

Killed for autopsy. 
Died Apr. 22,1926. 

Present.. 

Not tested for. 

Present. 
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The effect on the blood-sugar concentration is shown in the case 
of sheep 5 whose normal blood-sugar content was 0.104 gm. per 100 
c. c. ^ On the day when the first trembling was noted the blood sugar 
had risen to 0.168 gm. This was followed by a fall to 0.138 gm. six 
days later, due probably to the fact that feeding with the Eupato- 
rium extract was discontinued as soon as symptoms of trembling 
appeared and remedial measures were begun. 

CONCLUSIONS 

The chemical and pharmacological data indicate that the con¬ 
stituent of Eupatorium urticaefolium which is responsible for trembles 
is tremetol, Ci 6 H 2 20 3 . Tremetol has the properties of an unsaturated 
alcohol and is soluble in fats and fat solvents. It may be secreted in 
milk and would be found in butter made from such milk. 

When tremetol is dissolved in petroleum ether and the solution is 
floated on the surface of sulphuric acid, a characteristic red color is 
produced. 

A volatile oil and a resin acid are also present in this plant. Neither 
of these is capable of producing trembles in sheep. The resin acid is 
toxic to rabbits and guinea pigs. Small doses of the volatile oil 
appear harmless, but larger doses are dangerous. 

Other constituents of the plant include fatty acids, especially acetic 
acid; a crystalline sterol, CisH 30 O, melting at 148-9° C.; inulin; 
levulose; an organic base; and a nontoxic glucoside. 

When richweed is dried the tremetol content rapidly diminishes 
and when completely dry the plant is incapable of producing trembles. 
The dried plant, however, still contains the toxic resin acid and the 
volatile oil. 

Sheep poisoned by richweed or by tremetol develop an acidosis 
and excrete acetone through lungs and kidneys. The sugar content 
of the blood is markedly increased. Guinea pigs that were poisoned 
by the dry plant, with the resin acid, or tremetol, were not observed 
to excrete acetone. 
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INTRODUCTION 


a/4AW32i 



The fungus whicli is the subject of this study was first described 
by Butler 3 as Sphmronema adiposum . It is common in the sugar¬ 
cane fields of India, and does considerable damage to seed pieces 
under certain conditions, which Butler fully describes in his article. 
Normally, however, it is a weak parasite of little or no economic 
importance. 

Perhaps on account of the unusual behavior of the asci and owing 
to their small size, the true nature of the fungus was overlooked and 
consequently was not given its proper taxonomic position. Thus, 
besides establishing the true nature of the fungus, the phenomena 
observed are of interest with reference to the development of the 
Ascomycetes in general, and particularly of the Sphaeriales, which 
have been studied but little cytologically. 

The literature dealing with the nuclear phenomena of the Ascomy¬ 
cetes is extensive, covering many different types of various degrees 
of sexuality. This literature has been thoroughly reviewed by 
Gvynne-Yauglian. 4 In this paper it will be mentioned only such ob¬ 
servations of others as bear directly on those in this study. The 
eytological work here reported was undertaken as essential in con¬ 
firming the decision that the so-called pycnidial stage of the “ seed- 
cane ” black-rot fungus was in reality a perfect or sexual stage. 

THE HABIT OF THE FUNGUS 

The fungus was found in Terrebonne Parish, La., during the win¬ 
ter of 1924, vdien it caused slight damage to seed cane stored in 
sav T dust. This damage v r as confined mostly to the cut ends. In 
the spring of 1926, however, the fungus caused great loss in a field 
of cane at Ellendale plantation near Houma, La. 

Ttvo varieties of sugar .cane, P. O. J. 213 and P. O. J. 36, were 
received from Cairo, Ga., and planted at Ellendale plantation clur- 


1 Received for publication Apr. 18, 1927 ; issued November, 1927. 

2 The writer is under obligation to Mana K. Sartoris for making the drawings illus¬ 
trating this paper. 

3 Butler, E. J. fungus diseases of sugar cane in Bengal. India Dept. Agr. Mem., 
Bot. Ser., y. 1, no. 3, 53 p M illus. 1906. 

4 Gwynne-Vaughan, H. C. I. Fraser, fungi : ascomycetes, ustilaginales, uredinalks. 
232 p., illus. Cambridge [Eng.], 1922. 
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ing March, 1926. About two weeks after planting, a large propor¬ 
tion of the seed pieces became infected by the black-rot fungus. 
In cases where the soil was not well packed around the seed pieces, 
the fungus fruited. The long-beaked perithecia were produced in 
abundance on the cut ends of the cane (fig. 1, A and B), and at 
times the entire cane was covered by a cottony mass of black hypliae 
(fig. 1 , G and H), which bore over its entire surface the large spiny 
endoconidia (fig. 1, C to F). The mycelium did not seem to invade 
the interior of the host but turned the tissue a dark purple color. 
In advanced stages the cane Avas nearly black throughout, showed 
a soft, watery texture, and emitted an odor similar to that pro¬ 
duced by Thielamopsis ethacetica. 

Ideal conditions for the development of the fungus were found to 
be frequent rains, with intermittent periods of warm weather, and 
loosely packed, lumpy soil, which allowed large air pockets around 
the seed pieces. 

In November, just prior to the harvesting of the cane, the amount 
of damage was estimated as follows: In the case of the variety 
P. O. J. 36 the stand was reduced to about 20 per cent of normal, 
and in the case of the variety P. O. J. 213 to about 30 per cent 
of normal. The pieces that escaped the attack of the fungus pro¬ 
duced normal appearing stools. 

CYTOLOGY 

METHODS OF PROCEDURE 

The fungus Avas obtained in pure culture by soAving single endo¬ 
conidia on nutrient agar in Petri dishes, and by transferring a group 
of ascospores from the tip of the beak of the perithecium. (Fig. 1, 
A.) The ascospores, being embedded in a white, fatlike substance 
which clings to the tip of the beak in a little translucent globule, Avere 
easily transferred to Petri plates. Since the globule was held from 3 
to 0 min. aboA 7 e the surface of the plate, most of the cultures were un- 
contaminated. The perfect stage Avas produced by a culture that arose 
from a single endoconidium. Single ascospore cultures were not 
made. Butler, 5 howe\*er, made single-spore cultures from his Sphae- 
ronema and found that a culture from one supposed pycnospore pro¬ 
duced all of the stages. Cultures were made in Petri dishes, and the 
material for this study Avas taken from time to time until all of the 
stages were obtained. The material Avas killed in Flemming’s solu¬ 
tion^ embedded in paraffin, sectioned, and stained in the usual manner. 
Sections were cut from 4// to 7/t thick and were stained in Haiden- 
hain’s haematoxylin. 

ASEXUAL DEVELOPMENT 

The asexual stage of the fungus has been adequately described by 
Butler. 5 The vegetati\’e mycelium is mostly uninucleate. When the 
mycelium is growing rapidly, hoAveA r er, cells may be multinucleate, a 
condition arising in many cases through fragmentation. The endo¬ 
conidia, which are binucleate, are extremely variable in size and 
shape, ranging from elongated hyaline spores resembling the micro- 


s Butler., E. J. Op. cit. 






1 .—A, llaliit of Mack-rot fungus, showing tlie long mans with giowneh 01 mwi 
at tlie top. X 4.5 ; B, a mature perithecimn, X -l; C, eoiiidiophore witli a mature 
endoconidium and two others in early stages of formation, X io0; D, the oblong 
hyaline endoconidia, X 750; E, surface drawing of a mature giobose endoconiduim, 
X 750: F, photomicrograph of chains of mature endoconidia, X 260 ,G and 
vegetative (feeding) hyphae, X 750; I, coils of hyphae which are the pentheeimn 
initials. X 750. 
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conidia of Thielaviopsis ethacetica to large rounded ones of a deep 
brown color. (Fig. 1, C to F.) The exospores of the mature conidia 
are roughened or spiny and very thick. The same conidiophores 
produce the two kinds of conidia. * The hyaline ones are formed first, 
and later the large, round, deep-brown ones. These endoconidia are 
formed endogenously (fig. 1, C), and measure 4.5//, to 18 p by 9//, to 25//.. 


SEXUAL DEVELOPMENT 


Development of the Perithecium 


The perithecium is initiated by a coil of hyphae (fig. 1,1), in winch 
there appears to be no fusion of nuclei of adjacent cells or of adja¬ 
cent hyphae, although the coil is formed by somewhat enlarged 
hyphae from different sources, i. e., not by a single hypha. Coils 
similar to those described by Elliott 0 for Ceratostomella fmhriata 
were seen, but there was no differentiation of hyphae that could be 
designated as antlieridia and oogonia. The coil becomes rather 
large and is composed of several layers before the fertile hyphae, 
which produce the asci, are differentiated. When the coil or perithe¬ 
cium is about 80 microns in cross section, a hypha in the center of 
the coil stains a deep blue with Haidenhain’s haemaloxylin. (Fig. 
2, A.) This marks the beginning of the ascogenous hyphae. Also 
at the same time or shortly thereafter a meristematic group of 
hyphae, which are instrumental in the development of the beak, arise 
just above the fertile hyphae. (Fig. 2, D.) This area is always 
directly above the point of attachment of the perithecium to the 
substratum. 

At this time the perithecium is spherical and is covered with radi¬ 
ating long dark-brown hyphae, which give it a Chaetomiumlike 
appearance. As it increases in size a cavity is formed at the center 
(ng. 2, C and D), which is lined by irregular swollen ascogenous 
hyphae and filled with large thin-walled cells (fig. 2, C to F), which 
are used up as the fertile hyphae develop. It seems quite evident 
that these are food-storage cells. In the early stages the ascogenous 
hyphae are coenocytic. The nuclei are dividing rapidly, in many 
cases by means of fragmentation. They seem to be in pairs, but 
this condition may be due to rapid growth. (Fig. 2, 0.) 

The branching ascogenous hyphae grow across the cavity, between 
the large thin-walled sterile cells and around the inner wall of the 
cavity. Whenever the fertile hyphae come in contact with the large 
sterile cells or with the thick-walled cells of the true wall of the 
perithecium, they become permanently attached and are more or 
less independent of the original base. ° When the point of develop¬ 
ment at which the asci are being formed is reached, the ascogenous 
hyphae appear to be rising from all parts of the inner wall of the 
perithecium. (Fig. 3, A, B, and C.) Asci near the base of the beak 
are matured first. (Fig. 3, A.) The development continues down¬ 
ward and outward until the sides of the perithecium are reached and 
the ascogenous hyphae and nutrient cells are exhausted. (Fig. 3, 0.) 


0 Elliott, J. A. a cytologioal study of ceratostomrlla fimbiuata no & 
ELLIOTT, Phytopathology 15 : 417-422, illus. 1025. 
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Fig. 2. —A, A coil of hyphae in a more advanced stage than the coils shown in 
Figure 1, I, X 590; B, a young perithecium, showing the differentiation of 
the first ascogenous hyphae, X 590; C, a part of the cavity of a young 
perithecium with branching coenocytic ascogenous hyphae and the thin- 
walled cells of the cavity, X 590; D, a young perithecium, showing the 
ascogenous hyphae in the central cavity and above them the meristematic 
group of hyphae which develop into the beak, x 177; E and F, young 
perithecia. showing early stages in the development of the beak, X 177 
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Development of the A sous 

The ascogenous hyphae are coenocytic and remain so until the 
ascus mother cells are about to be developed. Then cross walls are 
laid down, beginning* at the terminal end of each ascogenous hypha, 
forming binucleate ascus mother cells. (Fig. 3, D and E.) During 
the growth of the ascus mother cell the two nuclei fuse to form a 
single fusion nucleus. (Fig. 3, E and F.) This union is followed 
almost immediately by a series of three divisions, producing eight 
nuclei. (Fig. 3, G, H, and I.) Then in the usual fashion coll walls 
are laid down around each nucleus (fig. 3, J and K), cutting out 
eight irregular spores which later become spherical and then crescent 
shaped (fig. 3, L). At this time the spores are biseriate and the 
ascus is cylindrical to pyriform and measures lOju, by 20/*, to 12g 
by 25ft. Either while the spores are in a spherical form or later the 
ascus wall begins to degenerate. In the meantime a translucent 
vacuolate fatty substance is formed within the ascus which persists 
even after the wall degenerates, holding the ascospores in groups. 
(Fig. 3, C.) The ascospores may continue their development for 
some time after the dissolution of the ascus wall. When mature 
they measure 3.5^ by 6.5/x to 4/x bv 8g. and are crescent shaped. (Fig. 

3, C and M.) 

Development of the Beak 

The development of the beak in the Sphaeriales has not been 
studied. Elliott 7 studied the life history of Ceratostomella fmbriata 
but did not describe the formation of the beak. As mentioned above, 
simultaneously with the differentiation of the ascogenous hyphae 
a meristematic area is formed at the apex of the perithecium. (Fig. 
2, D.) The hyphae that form this tissue arise from opposite points 
of the inner wall of the perithecium. They first grow toward each 
other, until there is left only a small passage between them. They 
then turn upward, the hyphae running parallel to each other. (Fig. 
2, E and F.) At the same time thick-walled hyphae from the 
true wall of the perithecium grow parallel to the inner thin-walled 
hyphae, enveloping them and extending beyond them. (Fig. 3, A, 
and fig. 4, A and B.) The whole forms a compact, fasciculated, rigid 
structure. As the beak grows the central canal 'begins to develop 
at the base. The central thin-walled hyphae are dissolved (fig. 

4, C), so that longitudinal sections and cross sections show a cen¬ 
tral canal surrounded by layers of thick-walled hyphae (fig. 4, D, 
and F). "When the beak has attained its full height of 2 to fi 
mm., that portion of the outer wall extending beyond the grow¬ 
ing points spreads out in the form of a fringe. ‘ The beak is always 
developed at right angles to the substratum, since it is not influenced 
by gravity or light. 

Meanwhile the mature spores and the fatty vacuolated substance 
in which they are embedded completely fill the cavity of the peri¬ 
thecium. This develops sufficient hydrostatic pressure to force 
some ascospores in a portion of the fatty medium up the canal lo 
the mouth of the beak. Here they gather in a translucent droplet, 
held in place by the fimbriate appendages. (Fig. 4, E.) The re- 


7 Elliott, J. a. Op. cit. 
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Fig. 3.—A, A later stage in the development of the beak, which shows also 
the ascogenous hyphae, X 165; B, cross section of a perithecium, showing 
stages in the maturation of xhe asci, X 165; C, cross section of a mature 
perithecium, showing the cavity filled with aseospores and the fatty- 
medium, X 165; D, the binucleate ascus mother cell formed at the end of 
an ascogenous hypha, X 1100; E, stages of nuclear fusion, X 1100; F, 
the fusion nucleus, X 1100; G, the first division of the nucleus, X 1100; 
H, the second division of the nucleus, X 1100; I, the third division of the 
nucleus, X 1100 ; J, cleavages in the cytoplasm around the nuclei, X 1100 ; 
K, an ascus with eight rounded aseospores, X 1100; L, a mature ascus 
with eight croscent-shnped spores, X 1100; M, mature crescent-shaped 
aseospores, X 1100 
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Fig. 4.—A and B, The tip of the beak, showing the growing point enveloped by the 
hyphae of the true wall of the perithecium, X 770. G, A longitudinal section 
of the beak showing <a> thick-walled cells forming the true wall of the perithe¬ 
cium; <&} large thin-walled cells that are dissolved away, thus forming the cen¬ 
tral canal; and (c) degenerating hyphae at the base of the beak and lining the 
cavity of the perithecium, X 1150. D, A longitudinal section of a mature beak, 
showing the thick wall and the central canal with ascospores being forced out, 
X 770. E, The appendages around the mouth of the beak, X 150. F, A cross 
section of the beak, showing the structure of the wall, the central canal, and 
spores in the canal 
584 
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mainder of the aseospores are not disseminated until the perithecium 
degenerates. 

When the droplet is first formed it is white and translucent, but 
with age it turns yellow and finally brown. This change in color 
is probably due to the action of oxidases. If the droplet is not dis¬ 
turbed, the original shape is retained with very little loss in size for 
a long time. The aseospores remain viable for about three months. 
The fatty substance seems to aid in accomplishing three results—first, 
to carry the spores to the mouth of the beak; second, to aid in the 
dissemination of the spores by sticking to insects that may crawl over 
the culture; and third, to keep the spores from drying out. 

SUMMARY 

The results of this study show that the fungus described by But¬ 
ler as JSphaeronema adiposum is in reality an ascomycete belonging 
to the genus Ceratostomella. Its name therefore becomes Cerato - 
stomella adiposum (Butler) Sartoris, comb. nov. 

Under certain conditions the fungus causes great loss to seed 
cane, but normally it is a weak parasite. 

The perithecium is initiated by a coil of enlarged hvphae, but dif¬ 
ferentiation of the ascogenous hyphae does not take place until the 
young perithecium is quite large. The ascogenous hyphae are coeno- 
cytic during most of their development, but just prior to ascus for¬ 
mation cross walls are laid down, forming binucleate ascus mother 
cells. These nuclei fuse to produce a fusion nucleus, which by three 
divisions forms eight nuclei which become ascospore nuclei. The 
beak is formed by a meristematic group of hyphae which are differ¬ 
entiated at the apex of the young perithecium. The aseospores are 
forced up the canal of the long beak by the development of hydro¬ 
static pressure in the base of the perithecium. 




SOIL FACTORS INFLUENCING THE DEVELOPMENT OF 
THE MOSAIC DISEASE IN WINTER WHEAT 1 


By Robert W. Webb 2 

Formerly Associate Physiologist in Cereal Virus Disease Investigations, Office of 
Cereal Crops and Diseases, Bureau of Plant Industry , United States Department 
of Agriculture 

INTRODUCTION 


Early studies by McKinney ( 8 ) 3 indicated that environmental 
factors during the seedling stage are important in the development 
of the rosetted condition of the mosaic disease of winter wheat. 
Beginning with a normal seeding date, he found that the percentages 
of rosetted plants from periodic seedings were less in the late sowings 
than in the early ones. He found further that the disease practically 
was controlled where emergence did not occur until the following 
spring. 

The causal agent of the wheat mosaic disease, referred to in pre¬ 
vious publications {8, 10), is soil borne, and the disease has its natural 
origin or point of attack on the underground parts of plants in the 
seedling stage. In fact, until the recently successful inoculation 
experiments by McKinney {10) the only method of obtaining the 
disease was by sowing susceptible varieties in infested soil during 
the natural growing season for winter wheat. Even now this is the 
only method w T hereby relatively high percentages of diseased plants 
can be obtained. The very important soil relation of this disease 
certainly possesses especial significance and furnishes an opportunity 
for study along lines w r hich thus far have been either impossible or 
difficult for other virus diseases of the mosaic type. 

What are the possible r61es which environmental factors are 
playing in this disease? Are the two distinct varietal responses, 
namely, the rosette and the mosaic-mottling phases, influenced by 
the same environmental factors? If so, are they affected in the same 
way and to the same degree? It was in an attempt to answ T er these 
questions that this investigation was started. A study of the 
environmental conditions with particular reference to the soil phase 
was essential to a proper understanding of the disease and of its 
occurrence and distribution in general and in restricted areas. Ac¬ 
cordingly, experiments have been conducted on the influences oi 
constant and fluctuating soil temperatures and soil moistures dining 
the critical stages for infection. The influences of the stage of 
seedling development and of the time factor in relation to sou 
temperature have been followed. Further^ the effects of surface 
sterilization of the underground parts of infected seedlings with 
bichloride of mercury have been determined. Although these 
studies are rather preliminary, it is believed that the results are of 
sufficient importance to warrant their publication at this time. 


i Received for publication June 3,1927; issued November, 1927. This paper reports results obtained in 
cooperative investigations between the Agricultural Experiment Station of the University of Wisconsin 
and the Bureau of Plant Industry, V. S. Department of Agriculture. fnr 

a The writer is grateful to H. H. McKinney for assistance m certain phases of the experiments and for 
sugges tions* concerning the 1 mSausciipt; also to" C. R. Ball and A. G. Johnson for editorial suggestions, 
a Reference is made by number (italic) to “ Literature cited, p. 613 
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EXPERIMENTS 

The studies reported in this paper were conducted in experimental 
plots out of doors at Madison, Wis., during the winter-wheat seasons 
of 1923-24 and 1924-25. All of the experiments reported have been 
conducted in season; that is, the grain was sown during the fall and 
the plants passed through their usual period of winter dormancy. 
Infection occurs in the seedling stage during the autumnal period, 
and consequently the most attention has been focused on this stage 
and on this period. 

Two very susceptible varieties of winter wheat, namely, Harvest 
Queen and Currell, have been tested simultaneously in all experi¬ 
ments except one. The Harvest Queen variety is an excellent one 
for expressing both the rosette and the mosaic-mottling phases, and 
the Currell variety is an excellent one for expressing only the mosaic 
mottling. These various symptoms have been described fully in the 
previous papers (8, 10, 11, 12). All of the available evidence seems 
to indicate that the rosette and the mosaic-mottling phases are differ¬ 
ent expressions of the same disease. 

The naturally infested soil used in these experiments was trans¬ 
ported to Madison from the American Bottoms of the Mississippi 
River near Granite City, Ill., across the river from St. Louis, Mo. 
This soil is a fine sedimentary type and is spoken of as a heavy 
gumbo. The very consistent and uniform results obtained in all 
the experiments indicate that this soil was more or less uniformly 
infested. Fei^tile loam soil obtained in the vicinity of Madison, Wis., 
served as a control in the experiments. 

The air and soil temperatures were accurately recorded by thermo¬ 
graphs which were periodically checked. The soil-temperature data 
represent the conditions at a depth of 2 inches. Daily fluctuating 
temperatures have been converted by taking a mean of the maximum 
and minimum daily temperatures and by expressing these in terms 
of a mean weekly value. Any method of evaluating fluctuating tem¬ 
peratures is open to criticism, but the method employed here was 
thoroughly adequate for the purpose of the experiments. Only the 
soil-temperature data for the seedling stage have been included in 
this paper. The air-temperature data were very similar to the soil- 
temperature data, with the exception, of course, of greater daily 
fluctuations. . 

TANK-TRANSPLANTING EXPERIMENT, 1924-25 
Methods 

The studies of controlled soil temperature and moisture were 
combined and conducted jointly. The Wisconsin soil-temperature 
tanks, as described by Jones (4, 5) and as modified by Dickson (1), 
McKinney (9), and others, were employed. In order that the 
seedlings might experience the usual fall conditions out of doors and 
thereby develop sufficient hardiness to withstand the severity of the 
winter, these experiments were not conducted in the greenhouse. 
Four of the tanks were arranged side by side in the outdoor experi¬ 
mental plot, and were securely walled with boards, covered with 
tar roofing, and further insulated with sawdust between the tanks 
and the walls. The 30° and 23° C. tanks were electrically heated 
and thermostatically controlled; the 16° tank was regulated by the 
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adjustment of the inflow of water from the city water main; and the 
10° tank was supplied with cracked ice several times a day, depending 
upon weather conditions. All regulations were made on the basis 
of the soil temperature 1inches beneath the surface and in the 
center of the cans. Considering the outdoor conditions, the soil 
temperatures were surprisingly constant. The tanks intended to be 
held at 30°, 23°, and 16°, respectively, were regulated to within an 
average of 0.5° to 1.0° of the desired temperature. Somewhat 
greater variations occurred in the tank at the lowest temperature, 
in which the temperature ranged from 8° to 12°, although there 
was a fairly constant 10° value during most of the period. The 
extremes of this temperature range occurred during relatively short 
periods when the ice was applied or when the sun shone intensely. 
The spreads between the temperatures of the various tanks, however, 
were sufficiently wide to offset the influence of such minor variations 
and to enable the experiments to serve their purpose. 

The infested soil employed in each series of tank experiments was 
thoroughly pulverized, screened, mixed, and adjusted to the desired 
moisture content as expressed in percentage of its moisture-holding 
capacity. The moisture-holding capacity of this soil was 60 per 
cent. A weighed quantity of soil was placed in each container, and 
the soil moisture was kept as nearly constant as possible during the 
course of the experiments by daily weighing the cultures and bring¬ 
ing them to constant weight with water of the same temperature as 
the tank. Tap water was used in all the adjustments, and it was 
applied at the surface. Despite the variations in moisture distribu¬ 
tions and the crude method used in attempting to regulate it, the 
adjusted soils certainly represent low, midhejght, and high moisture 
contents. Granite City soil adjusted to a soil-moisture content of 
42 to 45 per cent of its moisture-holding capacity possesses ideal 
friability for tillage and plant growth; that at 52 to 58 per cent of 
capacity represents the highest moisture content at which the soil 
can be satisfactorily worked; whereas soil at 30 to 32 per cent of 
capacity is extremely dry, and soaked seeds require considerable 
periods for germination in it. 

The fertile loam soil used for checks possessed a moisture-holding 
capacity of 30 per cent. Checks were employed at only one soil- 
moisture content, namely, 42 to 45 per cent of the moisture-holding 
capacity. 

Containers of two sizes were employed. In the first experiment, 
ordinary No. 2 pea cans were used; in the second, metal containers 
6 inches in diameter and 10 inches in depth were used. A distinct 
advantage is offered by the small containers in that they permit of 
easy removal and manipulation of plants with the least possible 
injury. On the other hand, the increased number of small containers 
greatly increases the routine daily weighing and watering, and this is 
a decided disadvantage. In general, however, the No. 2 pea cans 
are well adapted to seeding, transplanting, and overwintering studies 
such as are reported in this paper. 

The grain to be sown was hand picked and soaked overnight in 
water at room temperature. This was done in order to facilitate and 
hasten germination, especially in the soil adjusted to the lowest 
moisture content, thus giving the seedlings the longest and most 
uniform period possible under the controlled conditions. In each 
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of the smaller containers 12 kernels were evenly distributed, and five 
such containers constituted a group. In each of the larger containers 
60 kernels were similarly sown, and only one container was used for 
each combination. Thus, a total of 60 kernels was tested for each 
variety in each moisture content at each temperature. In all cases 
the grain was sown at a uniform depth of 1.5 inches. 

At night, and during the day before showers occurred, the tanks 
were covered with a waterproof canvas which protected the plants 
against all moisture other than that which was applied to maintain a 
constant weight. The canvas was spread over a ridgepole fully 4 feet 
above the plants, and the sides of the canvas were securely attached 
to the wall surrounding the tanks. The ends of the canvas were left 
open to permit normal air circulation. 

Sowings in the first experiment were made September 23, 1924, and 
in the second experiment November 1, 1924. Thirty days from date 
of seeding the plants were carefully removed, the soil was washed 
away, the plants were allowed to soak in several changes of tap water, 
all soil particles were removed by means of agitation in water with 
a camel’s-hair brush, and the plants were further rinsed in running 
tap water and transplanted to metal containers filled with disease- 
free soil. The plants showing severe Helminthosporium infection on 
the underground parts were segregated and transplanted separately. 
Holes were cut in the bottoms of the cans for drainage, and slots were 
cut in the side from the top to the soil line to permit surface drainage. 
The cans then were buried in the ground to the soil line, mulched with 
hay, and allowed to overwinter in this condition. 

Effects on Host Development 

The two varieties of winter wheat tested proved very sensitive to 
different soil temperatures, which indicated a different type of 
metabolism for the seedlings growing under each different set of 
environmental conditions described. The results obtained are shown 
in Table 1, and they agree well with those published by Dickson (f), 
McKinney (0), and others. 

In general, the germination of both the Harvest Queen and Currell 
varieties was hastened by high soil temperature and high soil mois¬ 
ture. Germination was somewhat poor and erratic at both the 
midheight and high-moisture contents in a temperature of 30° O, 
and at the low moisture contents in temperatures of 10° and 16° C. 
No germination whatever occurred at the low moisture contents in 
temperatures of 23° and 30° C., despite the fact that the seeds were 
soaked overnight in water at room temperature before sowing. 
The seedlings emerged promptly and uniformly, except those in the 
soil of low moisture content at temperatures of 10° and 16° C. 
Prolonged periods were required for the emergence of these seedlings. 
At the time of transplanting, only about one-third to two-thirds of 
the germinated kernels in these cases had produced emerging seed¬ 
lings. 

The type and degree of root development were distinctly different 
at the high and at the low temperatures. No very marked varia¬ 
tions, other than that of extent of growth, occurred with the different 
moistures at any particular temperature. At the two lower tempera¬ 
tures, 10° and 16° C., the root systems were well developed, very 
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extensive, long, white, fleshy, smooth, and nonbranching. At the 
two higher temperatures, 23° and 30° C., the root systems were 
poorly developed, short, brown, fibrous, rough, and branching. 
The type of soil appeared to influence the length of root develop¬ 
ment to some extent, the average root system being 1 to several 
inches longer in the control sandv-loam soil than in the infested 
gumbo soil. 


Table 1 . —Influence of constant soil temperatures and constant soil moistures on 
the development of the mosaic disease of Harvest Queen and Currell winter wheats 
in naturally infested soil 
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a One to several faint lesions on coleoptile, outer sheaths, subcrown, and roots. 

b Coleoptile dark brown or black and numerous lesions on main tissue, outer sheaths, subcrown or roots. 
c Very irregular emergence. 
d Faint mottling. 

* Intermediate type. 

f Conspicuous mottling. 

o Typical rosette, 30.2 per cent; intermediate, 7.5 per cent. 

A Twelve recently germinated and weakly plants not transplanted. 

* General. 

3 Variable. 

a Typical rosette, 47.2 per cent; intermediate, 11.3 per cent. 

* Midcolor mottling. 

The subcoronal internode responded readily to the different 
environmental conditions. On the whole, the structures were more 
elongated in the Harvest Queen variety than in the Currell. With 
the high soil-moisture content, at the two high temperatures, 23° 
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and 30° C., the elongation was greatest, practically all the plants 
showing such internodes measuring 1 to 1.5 inches in length. With 
the median soil-moisture content at the same two temperatures, 
on the other hand, these structures generally were shorter and 
considerably more variable in length. Elongation was reduced still 
further and appeared more variable at 16° 0., whereas at 10° C. 
it was practically inhibited. Soil temperature and soil moisture, 
therefore, are important factors influencing the development of the 
subcoronal internode, but the large variations frequently occurring 
in seedlings at a particular temperature-moisture combination indi¬ 
cate that other factors also operate. 

The development of the coleoptile is just the opposite of that of 
the subcoronal internode. High temperatures of 23° to 30° C. 
inhibited rapid elongation of the coleoptile, the growing point of the 
culm generally rupturing the coleoptile before emerging from the 
soil. At 16° and 10° C., on the other hand, the elongation of the 
coleoptile proceeded at a much faster rate than that of the culm, 
and the subsequent rupture of the coleoptile did not occur until 
some time after its emergence from the soil. 

The largest production of tops, expressed in terms of average 
length from the first node to the tip of the longest leaves, occurred 
at 23° and 30° C., followed in turn by that at 16° and 10° C. Fur¬ 
thermore, the length varied more or less directly with the percentage 
of moisture present in the soil. No tillers had developed in either 
variety at the time the plants were removed from the tanks, namely, 
30 days after date of seeding. 

The Harvest Queen variety withstood the severity of the winter 
at Madison, Wis., much better than the Currell variety. In the 
second tank series, when the seedlings experienced relatively low air 
temperatures during several nights prior to their removal, interesting 
correlations were noted between low-temperature injury and the 
conditions under which the seedlings were growing. Previous high 
soil temperatoe and high soil moisture predisposed the seedlings to 
severe winter injury. For example, at 30° C. the Currell seedlings in 
soil with the high and median moisture contents were killed, whereas 
those in soil of low moisture content showed slight top injury, but- a 
weakening of the base at the soil line. Similar though less severe rela¬ 
tions were noted at 23° C. At 16° C. the seedlings in the soil of high 
moisture content were generally injured and weakened at the bases, 
but no injury occurred at the other two soil-moisture contents. No 
injury whatever was noted in any of the seedlings grown at a temper¬ 
ature of 10° C. 

In general, stronger, healthier, stockier, more vigorous, and darker 
green plants were obtained at the two low temperatures, 10° and 16° 
C., than at the two higher temperatures, 23° and 30° C. The plants 
grown at the higher temperatures were rather spindling, somewhat 
lighter green in color, and possessed a poorly developed root system 
as compared to the others. In addition, they were quite generally 
and heavily infected with Helminthosporhim. 


Effects on Disease Development 

Besults obtained from the Harvest Queen variety of wheat are 
shown in Table 1 and in Figures 1 and 2. It is very evident that the 
disease developed only in plants which passed their early seedling 
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stage within restricted soil-temperature and soil-moisture ranges. At 
the two high soil temperatures, 23° and 30° C., neither rosette nor 
mottling nor any indications of them appeared, whereas at the two 
low soil temperatures, 16° and 10° C., rosette and mottling occurred. 
A high soil-moisture content favored the disease, whereas its occur¬ 
rence was less marked at a medium soil-moisture content. No 
indications of either rosette or mottling occurred at the low soil- 
moisture content, namely, 30 per cent. The soil-moisture relations 
appeared very definite and important. The percentage of plants 
manifesting the rosetted condition is higher and the type of rosette 
is more extreme at 16° than at 10° C. 

Comparing the results in the high soil-moisture content at the two 
favorable soil temperatures, it will be seen that 37.7 per cent of the 
plants grown at 10° C., and 58.5 per cent of those growm at 16° C., 
showed the rosetted condition. In both cases approximately three- 



fourths of the plants represented in these percentages manifested 
distinct rosette symptoms, the remaining one-fourth representing 
somewhat less extreme types. Under medium soil-moisture content, 
at each of the two favorable low temperatures, there was a marked 
reduction in rosetted plants, the percentage having decreased to 1.7 
and 13 per cent, respectively. 

Up to this point only the rosette phase of the disease has been con¬ 
sidered. It is evident from a further examination of the data in 
Table 1 that the soil-temperature range for mosaic mottling is the 
same as that for the rosette condition. Whereas the percentages of 
rosetted plants in the soil of highest moisture content were higher at 
a temperature of 16° than at 10° C., the percentages of mosaic- 
mottled plants under similar conditions were the same at both tem¬ 
peratures, 100 per cent. Thus, the mottling phase is more general 
than the rosetted phase. Furthermore, the mottling in both in¬ 
stances was abundant at different observations extending over a 
period of several weeks. With a medium soil-moisture content, at 
the two favorable low soil temperatures, the percentages of mottled 
plants were greatly reduced, only the rosetted plants showing mot- 

70354—27-2 
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tling. The soil-moisture relations for mottling, therefore, resemble 
those for rosette. 

Helminthosporium infection was severe in the infested soil under 
both the medium and high moisture contents at temperatures of 
23° and 30° C. Under these conditions the coleoptiles were entirely 
brown or black and the subterranean parts showed numerous severe 
lesions. No indications of the mosaic disease either in the form of 
rosette or of mottling appeared on such plants. Furthermore, the 
plants at the soil temperature of 16° C. which showed comparatively 
mild Helminthosporium infection had neither more nor better rosette 
or mottling symptoms than those which were free from Helmintho¬ 
sporium. Comparing the soil-temperature range and the soil- 
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Fig. 2 —Influence of constant soil temperatures and constant soil moistures on the development of 
the mosaic disease of winter wheat, as expressed in terms of rosette and mosaic mottling by the 
Harvest Queen variety, and of mosaic mottling by the Currell variety, when grown in naturally 
infested soil for a period of 30 days from date of seeding. (Same data plotted differently m fig. 1) 

temperature optima for the Helminthosporium disease of wheat, as 
obtained by McKinney (9), with those for the mosaic disease, as 
obtained in these present experiments, it is evident that the tempera¬ 
ture relations of the two diseases are very different. This is further 
conclusive evidence that Helminthosporium is not the cause of the 
mosaic disease, as McKinney, Webb, and Dungan {12) previously 
have shown that it is not the cause of rosette. 

The results with the Currell variety are assembled in Table 1 and 
the curves plotted to illustrate these results appear in Figures land 
2. Soil temperatures and soil moistures which were favorable to 
both the rosette and mottling phases of mosaic disease in the Harvest 
Queen variety also are favorable to the mottling of the Currell variety. 
No mottling occurred at 23° and 30° C. The curves representing 
mottling in Currell in the corresponding soil moistures, at tempera¬ 
tures of 10° and 16° C., are practically identical and are very similar 
to the curves for rosette at a temperature of 16° C. The number of 
mottled plants in each case is 6 to 8 per cent less than the number of 
rosetted plants. Unlike the rosette phase in Harvest Queen, which 
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occurred in higher percentages at 16° than at 10° C., the mottling in 
Currell occurred in approximately equal quantities at the two soil 
temperatures.. The two different soil temperatures, however, did 
influence the intensity of the mottling, even if they did not appre¬ 
ciably alter the percentages. For example, in the medium and high 
soil-moisture contents, respectively, the mottling was faint to mid¬ 
motley at a temperature of 10°, as compared with midmotley to 
conspicuous at a temperature of 16° C. 

Soil moisture proved to be equally as important a factor in the 
mottling of the Currell variety as in the rosette and mottling of the 
Harvest Queen variety. At the favorable temperatures no mottling 
whatever was evidenced with the low soil-moisture content, despite 
the fact that the plants were well into the first-leaf stage of develop¬ 
ment at the time of removal from the infested soil. Only 5 to 6 per 
cent of the plants showed a faint to midcolor mottling at the medium 
soil-moisture content, whereas approximately 50 per cent showed a 
midcolor to conspicuous mottling at the high soil-moisture content. 
The effects of the soil-moisture relations were very striking. 

The Harvest Queen and Currell plants developed normally in the 
check soil, and the plants at each soil temperature were very similar 
to the corresponding plants in the infested soil adjusted to medium 
or high moisture contents. In no case was there the slightest indica¬ 
tion of rosette or mottling of the plants which served as controls. 

FIELD EXPERIMENT ON DATE OF SEEDING, 1924-25 

Eight successive seedings of Harvest Queen and Currell winter 
wheats were made in infested soil, at two-week intervals during the 
fall of 1924, beginning August 4. The sowings were made in flats 
measuring 12 by 14 by 8 inches, and the infested soil composed the 
upper 4-inch layer in the flat. Disease-free Madison loam made up 
the lower 3-inch layer in the flat. This method consistently has given 
results similar to those obtained where the infested soil filled the 
entire depth of the flat. Fifty hand-picked kernels of the particular 
variety were sown in each flat, 25 kernels in each of two rows, at a 
depth of 1.5 inches. The soil was watered frequently, depending 
upon the degree of dryness. The flats were sunk in the ground at a 
slight angle and two holes were bored directly above the soil line in 
the lower end of each flat. This insured elimination of surface water 
before freezing was possible, and this precaution, and the use of a 
hay mulch, minimized subsequent winter injury to the plants. 

Effects on Host Development 

The data concerning this experiment are given in Table 2. The 
percentage of germination and the number of days before emergence 
were variables. In general, however, the best germination occurred 
in the early seedings and poorest germination occurred in the late 
seedings. Similarly, the number of days required for emergence was 
smallest in the two earliest seedings and somewhat greater in the later 
seedings. 

The Currell plants of the seventh seeding date (October 27) were 
severely injured by air temperatures below freezing November 7, 
8, and 9, and they were killed during the winter. Injury was not as 
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general and severe in the corresponding seeding of the Harvest 
Queen variety, some of the plants of which survived the winter. The 
final sowings were made November 10, but both varieties were com¬ 
pletely killed soon after emergence. The plants of the other periodic 
sowings passed into the dormant period in various stages. Those of 
the two August seedings produced a very heavy, rank, and luxuriant 
top growth, while those of the last seeding were in the youngest seed¬ 
ling stage. The different intervening seedings produced plants which 
were of various stages between these two extremes. The aerial parts 
of the plants seeded earliest—August 4 and 18—were heavily infected 
with rust. 


Table 2. —Influence of daily fluctuating noil temperatures on the development of 
the mosaic disease of winter wheat, as expressed by Harvest Queen and Currell 
varieties sown on different dates in naturally infested soil in 1924 


1 

Average 
weekly soil 


§8 
© d 

Record of disease development in 1925 

r 

Date 

temperatures j 

i 

d 

*1 
'd © 

Harvest Queen 

Currell 

sowing 

a 

03 

vS 

Maximum 

Minimum 

1 

s 

© 

C5 

C3 C3 
*© bfl 

1*1 
d © 
H m 

Rosette, 
June 16 

Mottling, 
May 1 

Mottling, 
May 1 

Mottling, 
May 13 

Vue 4 /Aug. 4-10.. 

Aug. 4 t Aug 11-17.. 

22.9 
23.1 

26.4 

28.7 

19 5 i 
17.4 

P.d. 
} 90 

Days 

4 

P.d 

0 

00. 

Midmotley. 

Midmotley 

** <Sf: 

21.3 

21.8 

25.0 

25.7 

17.6 

17.8 

} 86 

4 

2.3 

(•) . 

... .do_ 

Do. 

Sept. 1 {sept. 8-14_ 

15.8 

12.7 

18.8 

14.6 

12.9 

10.7 

} 56 

7 

82 1 

Midmotley., 

_do. 

Do. 

Sept. 15 {g e ^ 22-28.- 

14.8 

13.3 

18.0 

16.3 

11.5 

10.4 


5 

78.3 

.do. 

.do_ 

Do, 

Sant M fSept.2B-Oflt.«. 

bept. M joct. 6-12 .. . 

10.7 

10.3 

12.8 

11.7 

8.5 

8.9 

} 72 

6 

75.0 

_do. 

/Conspieu- 
\ ous . 6 

} Do 

Qcd i*i /Oct. 13-19.- 

uct. 13\Oet. 20-26.. 

10.1 

5.4 

11.5 

6.5 

8 7 
4.3 

}48 

8 

79. 1 

.do. 

—do .' 1 . 

Do 

( w 07 /Oct. 27-Nov. 2 . 

° ct * 2 , \Nov.3-9. 

0.1 

3 1 

7.8 

4.7 

4.4 

1.6 

} 38 

7 

47.4 

.do. . 

10 — * 

U). 

Nnv lo/^O'V 10-16-- 

N°\. 10 j| Nov 17—28. 

2.0 

.1 

2.9 

.9 

1.1 
. 7 

}(*) 

00 

00 

00 . 

00 . 

! oo. 

i 


« Mottling so faint as to be questionable <■ Plants killed during winter. 

b Mottling very general. «* Plants killed while emerging. 


Effects on Disease Development 

^ The mottling data for both the Harvest Queen and Currell varie¬ 
ties and the rosette data for the Harvest Queen variety appear in 
Table 2. Figure 3 contains the curve representing the percentages 
of rosetted plants occurring in the different sowings as related to the 
mean weekly soil temperature. The disease symptoms were not as 
severe as noted in previous years, because of the cool and dry spring 
in which the plants developed. Many diseased plants showed a 
tendency to send up apparently normal tillers or to recover almost 
entirely in some instances. 
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In the case of Harvest Queen, it is interesting to note that no 
plants of the August 4 seeding showed the rosetted condition, and 
only a relatively few, 2.3 per cent, of the August 18 seeding showed 
it. These field results agree excellently with those obtained in the 
experiments under controlled soil temperature and moisture. The 
percentages of plants showing rosette in the next four dates of seed¬ 
ing? September 1, 15, and 29 and October 13, respectively, were 
uniformly high, ranging from 75 to 82 per cent. In these sowings, 
the mean weekly soil temperature ranged from 16° C. in early Sep¬ 
tember to 10° C. in the middle of October. The rosette symptoms 
in plants from the September 15 and 29 seeding dates were very 
pronounced, and proliferation at the crown was excessive. Prolif- 



Fig. 3.—Influence of soil temperatures, under field conditions, on the development of the mosaic 
disease of winter wheat, as expressed in terms of rosette in the Harvest Queen wheat sown on dif¬ 
ferent dates in naturally mfested soil, m 1924 


eration in a few plants of the October 13 seeding equaled that in 
the previously mentioned plants, but, in general, it was less. From 
the last seeding (October 27) in which the seedlings withstood the 
winter, the rosetted plants totaled 47.4 per cent, which was a con¬ 
siderably lower value than that furnished by the four earlier sowings. 
The symptoms also were much less marked. 

A very faint, questionable, and not general mottling occurred in 
the plants from both the August 4 and August 18 sowings. The 
mottling in the seedings of September 1, 15, and 29 and October 13 
and 27 was midmotley to conspicuous and occurred generally. . Thus 
in the two earliest seedings, in which the young seedlings experienced 
a mean weekly soil temperature of 21° C. and above, little or no 
rosette developed, and the mottling was very faint. The relatively 
low temperature for a few hours each night probably has an active 
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influence and may account for the faint mottling and the mere trace 
of rosette. These results agree well with those obtained in the tank 
experiments in which the soil temperature was held constant. 

The Currell variety showed different degrees and percentages .of 
mottling in the several sowings. The mottling was faint to mid¬ 
motley and not general in the two August sowings, midmotley to 
conspicuous and general in the next two, and conspicuous and general 
in the last two. " These observations were made May 1, and those 
made May 13 showed that the intensity of the mottling was about 
equal in each of the different sowings. Thus it seems that mottling 
in the Currell variety can develop during the seedling stage at slightly 
higher mean soil temperatures than can either mottling or rosette 
in the Harvest Queen variety. These relations are slightly at 
variance with those shown in the constant soil-temperature studies, 
where the soil-temperature and soil-moisture range was the same for 
both mottling and rosette. In this connection, however, later results 
show that infection necessary for mottling may take place at later 
seedling stages, in shorter time intervals, and over a wider tempera¬ 
ture range, than that for rosette. This would tend to explain the 
apparent discrepancies. 

While the results of the different periodic sowings have boon 
considered thus far on the basis of soil temperature, if is realized 
that the duration of exposure to infection, as related to environ¬ 
mental conditions, is an important one. However, the data from 
this experiment do not throw any light on this particular angle of 
the problem. In the transplanting experiments which are described 
next, the effect of varied duration of exposure to infection at dif¬ 
ferent periods during the fall has been studied and the data obtained 
are significant. 


FIELD TRANSPLANTING EXPERIMENTS, 1923-24 

On October 3, 1923, Harvest Queen wheat was sown in infested 
soil and in steam-sterilized Madison soil used as a control. One 
hundred No. 2 pea cans filled with the infested soil and 200 such cans 
filled with the control soil were employed. Seven kernels were 
sown in each container, and periodic watering kept the soil in good 
condition. 

Transplantings were made at regular weekly intervals during 
the fall and winter, but more frequently during the earliest stages 
of seedling development. Each transplanting involved 00 seed¬ 
lings,. namely, 20 seedlings from noninfested soil to infested soil, 20 
seedlings from infested soil to noninfested soil, and 20 seedlings from 
noninfested soil to noninfested soil, to servo as controls. 

The seedlings were removed and transplanted with the greatest 
care in all cases. The entire contents of the cans were removed, the 
mass was washed carefully until the roots of the plants were clean, 
the roots of each seedling were washed repeatedly, and all particles 
of soil were removed with a camel’s hair brush; and the underground 
parts of the seedlings were sterilized for five minutes in 1:1,000 
HgCl 2 and finally washed repeatedly in running tap water. The 
seedlings .were transplanted to the proper soil in similar containers, 
five seedlings being placed in each. 

Immediately after the original seeding and after the different 
transplantings, the containers were buried in the ground to their 
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soil line, and slots were cut from the upper edges of the cans to the 
soil line to permit drainage of surface water. In all cases the plants 
were well mulched with a light layer of hay to minimize possible 
winter injury. 

Effects on Host Development 

In considering the results of this transplanting experiment, it 
should be kept in mind that all the seedings were made on a single 
date and that the age and development of the plants therefore 
were different at each successive transplanting. The seed was 
sown, however, on a desirable planting date for winter wheat in 
southern Wisconsin, and the development of the plants thus approxi¬ 
mated that occurring under field conditions. The first four trans- 
plantings were made at intervals of three to four days. Beginning 
October 16 they were made at weekly intervals until April 4, but 
the results presented include only those to December 4. The early 
fall period proved to be the important period, and the presentation 
of only the early data is adequate. The data obtained in this experi¬ 
ment are given in Table 3 and the curves appear in Figure 4. 

Table 3. —Influence of the duration of exposure to infection and the stage of seedling 
development, in relation to daily fluctuating soil temperatures , on the development of 
the rosette phase of the mosaic disease of Harvest Queen wheat , as determined by 
transplanting seedlings from or to naturally infested soil at different dates during 
the fall of 1928, as all seedings made October 3 


Date of 
trans¬ 
planting 

Age of plants from date of seeding 
(days) 

Stage of development 

Period 

Average soil 
tempera¬ 
tures (° C.) 

Percent¬ 
age of 
plants 
showing 
rosette 
when 
trans¬ 
planted 
from— 

d 

C3 

O 

s 

Maximum 

Minimum 

Noninfested soil 
to infested soil 

Infested soil to 
noninfested soil 

Oct 5 

2 

Vernel swollen hilt, not, germinated _ _ _ _ _ _ 

I Oct. 5—7_ _ _ 




100 

0 

Oct. 8 

5 

Coleoptile 3 to 4 mm. long __ 

Oct. 8-11 . 

14 0 

18.3 

9.7 

95 

0 

Oct. 12 

q 

Plumule still enclosed; coleoptile 6 to 13 mm_ 

Oct. 12-15. 

10.8 

14.3 

7.2 

90 

0 

Oct. 16 

13 

1-leaf to 2-leaf stage, mostly 1 plumule 37 to 62 mm , 

Oct. 16-22. 

8.0 

11.0 

5.0 

25 

0 



secondary roots starting on few. 







Oct. 23 

?0 

2 -leaf stage __ _ 

Oct. 23-29. 

6.4 

9.1 

3.8 

10 42.9 

Oct. 30 ' 

27 

3-leaf stage.—. 

Oct. 30-Nov. 5 

3.0 

4.5 

1.5 

0,75.0 

Nov 6 

34 

Coleoptile loosening and tillers appearing in about 

Nov. 6-12. 

3.4 

6 2 

.6 

0 77 .8 



half the plants. 


1 





Nov. 13 

41 

4-leaf stage; 1 to 2 tillers appearing in all plants. 

Nov. 13-19- 

4.8 

6 . 6 i 3.0 

0 76.5 

Nov. 20 

48 

.do. 

Nov 20-26.. 

2.6 

3 5 

1.7 

095.0 

Nov. 27 

55 


Nov. 27-Dec. 3 

.3 

.9 

-.3 

0j95.0 

Dec.® 5 

63 

„__do . 

Dec. 4-10. 

-.3 

.6 

-11 

0,95.0 







l 




« Transplantings were continued weekly from Dec. 5 to Apr. 4, with the following results: Seedlings 
transplanted from noninfested to infested soil did not show any rosette, whereas those transplanted from 
infested to noninfested soil consistent!y showed 95 per cent rosetted plants. 


Effects on Disease Development 

In the series in which the plants originally growing in the infested 
soil were transplanted to the disease-free soil, no rosette occurred in 
any of the first four transplantings. The absence of symptoms in the 
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plants which grew in infested soil for as long as 13 days from the date 
of seeding was very striking. When transplanted, the seedlings were 
in the 1-leaf to 2-leaf stage, and secondary roots were starting on a few. 
Certainly the soil temperature was favorable during this period, and 
the duration of exposure to infection could hardly explain the early 
lag and the sudden rise in the disease curve. The type of disease 
curve obtained suggests the possibility that the effect of the mercury 
in the 1:1,000 biohloride-of-mercury solution used in the surface 
sterilization of the underground parts may be responsible for this 
relation. Considering the disease curve further, it is seen that 
approximately 43 per cent of the plants were rosetted in the next 
weekly transplanting, October 23. The percentages increased to 



Fig, 4.—Influence of the duration of exposure to infection and of the stage of seedling growth 
on the development of the mosaic disease in Harvest Queen wheat under field conditions, as 
expressed in terms of rosette in seedings made on October 3,1923, a date suitable for field sowing, 
when seedlings were transplanted to or from infested soil at different intervals 

from 75 to 80 per cent in the next three weekly transplantiugs, but it 
was not until the November 20 transplanting,' or after a period of 48 
days’ exposure to infested soil, that the maximum percentage of the 
plants, 95 per cent, showed the rosetted condition. In all trans¬ 
plantings after this date, 95 per cent of the plants consistently showed 
the rosetted condition. In no case did any of the plants in the control 
transplantings show symptoms of rosette.' (See fig. 5.) 

For the series involving transplantings in the opposite direction, 
namely, from disease-free or control soil to infested soil, it is seen that 
the disease curve is a rather steep one. For the first transplanting, 
consisting of swollen kernels, the rosetted plants represent 100 per 
cent of the total. They decrease in percentage slightly in the next 
two transplantings, and decline rapidly to 25 per cent in the fourth 
(October 16) transplanting. In the October 23 transplanting, with 
seedlings in the 2-leaf stage, only 10 per cent of the plants developed 
rosette, and in the October 30 transplanting, with seedlings in the 
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Fig. 5.—Harvest Queen wheat plants from the 1923-24 transplanting experiment, the data for which 
are given m Table 3: A, Seedlings transplanted from infested to noninfested soil; B, seedlings 
transplanted from noninfested to infested soil; C, seedlings t ransplanted from noninfested to non¬ 
infested soil (controls). In each of the corresponding series, A, B, and C, the transplantings were 
all made on the following dates, respectively: No. 1, October 5; No. 2, October 8; No. 3, October 
12; No. 4, October 16; No. 5, October 23; No. 6, October 30; No. 7, November 6; No. 8, November 
13; No. 9, November 20. Note the increasing appearance of rosette in the late transplantings 
in series A, and in the early transplantings in series B, and also the absence of rosette in the 
controls, series C. (Photographed by H. H. McKinney) 

3-leaf stage, none of the plants showed rosette. No indications of 
rosette occurred in any of the subsequent transplantings. (See fig. 5.) 
It must be remembered, however, that the mean weekly soil tempera¬ 
ture was gradually declining and at the last-mentioned date of trans¬ 
planting it was near the point where growth activities cease. There- 
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fore the curve for the disease development (fig. 4) can not be 
analyzed too critically, for, as the seedlings were becoming older with 
each successive transplanting, the soil temperature at the same time 
was gradually declining. Two variable factors thus were involved, 
namely, seedling age and soil temperature, both of which are impor¬ 
tant and each of which influences and possibly may obscure the effect 
of the other. 

FIELD TRANSPLANTING EXPERIMENTS, 1924-25 

The experiment conducted during 1924-25 was a continuation and 
expansion of that of 1923-24 and was designed to permit analysis of 
the individual effects of certain factors which were operating together 
in the previous experiment. These factors include the period of 
exposure to infection and the root sterilization with HgCl 2 , on the 
one hand, and the stage of seedling development and the environ¬ 
mental conditions, on the other. Both the Harvest Queen and the 
Currell varieties were used in this experiment. 

Beginning August 4, seedings of each variety were made at weekly 
intervals until November 11, in infested and in disease-free soil. 
The grain was sown in 10-inch earthen pots, the pots were sunk in the 
ground after planting, and the seedlings were transplanted as indi¬ 
cated. The seedlings were watered periodically before and after 
transplanting. Four transplantings were made, September 16, 
October 7, October 27, and November 18, respectively. Each trans¬ 
planting involved seedlings of 6 different ages, expressed in weeks, 
namely, 6, 5, 4, 3, 2, and 1. The methods employed and the number 
of seedlings transplanted from disease-free control soil to infested 
soil, and vice versa, were the same as in the previous experiment. 
The seedlings growing originally in infested soil were transplanted 
both with and without the surface sterilization of the underground 
parts for 5 minutes in 1:1,000 bichloride of mercury. Approximately 
4,000 seedlings were involved in this transplanting experiment. 

Effects on Host Developments 

The results of this experiment together with the soil-temperature 
data, are presented in Tables 4 and 5. The development of the seed¬ 
lings of corresponding ages varied somewhat at the different trans- 
plantings.. In general, however, the 1-week, 2-week, and 3-week 
seedlings in each of the four series represented 1-leaf, 2-leaf, and 3d oaf 
stages, respectively, with only the seminal roots developed. The 
seedlings in the late series were somewhat smaller than the corre¬ 
sponding ones in the earlier series. The 5-week and 6-week plants 
of the first series produced a very rank top growth on which leaf rust 
was prevalent. As a result of the severe rust infection and the high 
soil and air temperatures, these plants were pale green. The leaves 
in many cases were yellow, and the older ones were dead or dying. 
The other seedlings of this series were dark green, vigorous, and robust. 
The seedlings of the successive series presented general growth rela¬ 
tions similar to those for the first series. The rust infection became 
less on the old plants of the next two transplantings and was absent 
in the last one. The top growth of the corresponding seedlings 
decreased more or less with the successive transplantings and the root 
systems became relatively larger. Helminthosporium infection was 
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especially pronounced on the basal^ structures of plants growing in 
infested soil and developing at relatively high soil temperatures. 

Considerable variation occurred in the development of tillers and 
subcoronal internodes in each variety; but, on the whole, Harvest 
Queen showed a tendency to produce more tillers, and Currell showed 
a tendency to develop more pronounced subcoronal internodes. The 
Harvest Queen seedlings were very hardy and generally survived the 
severe winter conditions better than the CurreJl seedlings. In the 
case of both varieties, the percentage of sterilized seedlings which were 
winterkilled was greater than that of the unsterilized seedlings. 


Table 4. —Influence of the period of exposure to infection and of surface disinfection 
of transplanted seedlings, in relation to daily fluctuating soil temperatures f on the 
development of the mosaic disease in Harvest Queen and Currell wheats, as deter¬ 
mined by transplanting seedlings of six different ages from naturally infested to 
noninfested soil on each of four different dates during the fall of 1924 


Dates of 
sowing 

Average soil tem¬ 
perature in the 
week following 
sowing (° C.) 

Time elapsed between sowing 
and emergence (days) 

Period of exposuie to infested 
soil (weeks) 

WJ 

Development of mosaic diseas 

Harvest Queen 

e (per cent) in— 

Currell 

Mean 

Maximum 

Minimum 

Date of liansplanti 

Mottling* when 
sterilized 

Mottling n when 
not sterilized 

50 

d 

’ll 

1 

jv{ 

ltosettc when not 
sterilized 

Mottling« when 
sterilized 

3 

i| 

e 2 

n 

JS 2 
© pi 

§ 

Aug. 4 - 

22 9 

26.4 

19 5 

4 

6 , 


( 45 D 

14 D 

0 

0 

50.0 D 

75.0D 

Aug. 11_ 

23.1 

28 7 

17 4 

5 

5 « 


1 71 D 

18 D 

0 

0 

57.9 D 

35 0 D 

Aug. IS_ 

21.3 

25 0 

17.6 

4 

4 i 


1100 D 

19 D 

0 

0 

75.0 D 

35.7 D 

Aug. 25 _ . 

21.8 

25.7 

17 8 

4 

3 


92 D 

14 D 

8.3 

0 

64 3 D 

20 0 D 

Sept. 1.. 

15.8 

18 8 

12.9 

6 

2 


1 43 D 

90 C 

14.3 

50.0 

72.2 C 

47.4 C 

Sept. 8. 

12.7 

14.6 

10.7 

6 

1 

1 

l 40 D 

100 C 

0 

66.7 

43.8 C 

70.6 C 

Aug. 25. 

21.8 

25 7 

17.8 

4 

6 


71 C 

40 D 

42.9 

40.0 

37.5 C 

25.0D 

Sept. 1. 

15 8 

18.8 

12.9 

6 

5 


50 C 

91 C 

50.0 

63.6 

72.2 C 

64.7 C 

Sept. 8.. 

12.7 

14 6 

10 7 

6 

4 


100 C 

100 C 

< b ) 

S3.3 

85 7 C 

94.1 C 

Sept. 16. 

14.8 

18 0 

11.5 

5 

3 

1 

67 C 

37 C 

20.0 

c 70 2 

66.7 C 

46. 7 F 

Sept. 22. 

13.3 

16.3 

10.4 

6 

2 


92 C 

71 C 

30.8 

57.1 

43.8 M 

41 2 M 

Sept. 29. 

10.7 

12.8 

8.5 

6 

1 


44 D 

30 D 

0 

0 

31.3D 

25. 0D 

Sept. 16. 

14.8 

18.0 

11.5 

5 

6 


38 C 

93 C 

37.5 

53.3 

73.3 C 

53. 3D 

Sept. 22_. 

13.3 

16.3 

10.4 

6 

5 


40 C 

80 C 

50.0 

60.0 

72.2 C 

55.0 M 

Sept 29. 

10.7 

12.8 

8.5 

6 

4 


80 C 

100 C 

53.3 

42 1 

86 7 C 

63.2 M 

Oct. 7. 

10.3 

11.7 

8.9 

8 

3 


' 58 C 

100 C 

50.0 

42.9 

87 5 C 

58.3 C 

Oct. 13. 

10.1 

11.5 

8.7 

8 

2 


50 D 

18 D 

0 

0 

| 55.6 D 

27.1 D 

Oct. 20. 

5.4 

6.5 

4 3 

8 

1 


25 D 

42 D 

0 

0 

, 50 D 

46.2 D 

Oct. 7. 

10.3 

11.7 

8 9 

8 

6 


f o 

100 C 

0 

0 

! ICO O 

50.0 C 

Oct 13.. 

10.1 

11.5 

8.7 

8 

5 ! 

i 1 

0 

73 D 

0 

1 0 

! 33 C 

37.5 C 

Oct. 20. 

5,4 

6.5 

4.3 

8 

4 

I Nov. 18 

f ( b ) 


(*) 

1 ( b ) 

! (6) 

( 6 ) 

Oct. 27_ 

6.1 

7.8 

4.4 


3 


o 


0 

1 <*•) 

! ( 6 ) 

(*) 

Nov. 4 . 

j 3.1 

4.7 

1.6 

8 

2 

j l 

l () 


0 

t ( 6 ) 

1 < b ) 

! 

(*) 

Nov. 11 

2.0 

2.9 

1.1 

(0 

(•) 

| j 

! 




! 



1 


1 1 

J 1 



* Mottling symbols: T>- Doubtful, F-faint, M - midmotley, C-conspicuous. 
i All plants winterkilled after transplanting. 

c Only a few plants survived, and the percentage was obtained by using the average of percentages from 
the next older and next younger seedlings 
<* One plant survived and showed unmistakable mottling. 

* All seedlings winterkilled before emergence. 


Effects on Disease Development 

From the results of the experiments with the Harvest Queen seed¬ 
lings subjected to the sterilization treatment, which are shown in Table 
4 and graphically presented in Figure 6, it will be seen that the rosetted 
condition developed quite differently and that the interval of expo- 
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sure, the stage of seedling development at the time of transplanting, 
and the soil temperature were important factors influencing this 
condition. In the 6-week, 5-week, and 4-week seedlings transplanted 
September 16 it is interesting to note that no rosette occurred. The 
seedlings developed at mean weekly soil temperatures of 21° C. 
and above. Even the minimum soil temperatures of 17° to 19° O. 
for short periods each day were not sufficient to permit infection. 
These results agree well with those in the studies under controlled 
soil temperatures. The 3-week and 2-week transplanted seedlings 
showed only a small number of rosetted plants, 8.3 and 14.3 per cent, 
respectively, and the 1-week seedlings showed no cases of typical 
rosette. One plant, however, showed slightly suspicious indications. 





Fig. 6 .—Influence of the period of exposure to infection on the development of rosette in Harvest Queen 
wheat under field conditions, as determined by transplanting seedlings of different ages from infested to 
noninfested soil on different dates during the fall of 1924. The surface of underground seedling parts 
were disinfected for 5 minutes in 1:1,000 bichloride of mercury immediately preceding transplanting 

In the second transplanting, October 7, all of the seedlings except 
the 1-week series showed rosette, and the percentages were higher 
than those of the corresponding seedlings of the first transplanting. 
The greatest number of diseased plants, 50 per cent, occurred in the 

5- week stage, followed in order by the 6-week, 4-week, 2-week, and. 
3-week stages. The mean weekly soil temperatures ranged from 
10.3° to 2° C. 

The third series, transplanted October 27, showed almost 50 per 
cent of rosette in the 5-week, 4-week, and 3-week seedlings. The 

6- week seedlings had slightly fewer diseased plants than the above 
mentioned seedlings. It is of interest to note that neither the 
2-week nor the 1-week seedlings showed definite rosette. In the 
2-week stage 10 per cent of the seedlings looked a little questionable, 
but none of the 1-week seedlings showed any indications of rosette. 
These seedlings, it must be remembered, developed at lower soil 
temperatures than the older seedlings of the series, and furthermore 
their time interval of exposure to infection was much shorter. 
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The rosette data for similar seedlings not receiving the surface 
sterilization of underground parts also are given in Table 4 and the 
data are presented as curves in Figure 7. In general, the percentages 
of rosetted plants are higher in the unsterilized seedlings than in the 
sterilized seedlings, especially in the case of the younger ones. These 
results indicate that the HgCl 2 sterilization either is destroying or 
inactivating the causal agent in some way or is interfering with its 
subsequent development or activity in the plant. This, then, 
would tend to explain the lag in the early part of the disease curve 
for the 1923-24 experiments. The sterilized and unsterilized plants 
showed no visible variations in their development, and in view of 
this similarity there is a suggestion that the HgCl 2 possibly may be 
exerting its effect more on the causal agent than on the host. 

In the first transplanting, September 6, the 6-week, 5-week, 4-week, 
and 3-week seedlings did not show any signs of the rosetted condition. 





Fift. 7.—Influence of the period of exposure to infection on the development of rosette in Harvest 
Queen wheat under field conditions, as determined by transplanting seedlings of different ages 
from infested to nonmfested soil on different dates during the fall of 1924, when no surface disinfec¬ 
tion of underground parts was given 


These results agree w^ell with the soil-temperature relations previously 
considered. The relatively large number of rosetted plants occurring 
in the 1-week and 2-week seedlings, 67 and 50 per cent, respectively, 
is very striking, as compared with the values for the corresponding 
sterilized seedlings, 0 and 14 per cent, respectively. Even though 
the 2-week seedlings were exposed to infested soil one week longer 
than the 1-week seedlings, the latter had a higher percentage of 
disease. An examination of the soil-temperature data, shows that 
the 1-week seedlings experienced a slightly lower and more favorable 
soil temperature than the 2-week seedlings. < Under these, conditions 
it appears that the soil-temperature factor is more important than 
the period of exposure. It appears further that, under favorable 
conditions, an extremely high percentage of the disease may develop 
when the seedlings have grown in infested soil for a period of only 
one week from date of seeding. 
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The plants from the next transplanting, October 7, show high 
percentages of disease in all cases except the 1-week seedlings. Tlhe 
highest percentage, 83, occurred in the 4-week stage, followed closely 
by the 3-week, 5-week, and 2-week stages. A considerable decrease 
occurred in the 6-week seedlings, and no indications of disease 
occurred in the 1-week seedlings. 

In the third transplanting, October 27, very similar effects were 
obtained in the 6-week, 5-week, 4-week, and 3-week seedlings, 
namely, 42 to 60 per cent. Neither the 1-week nor 2-week seedlings 
showed any indications of disease. 

In the fourth transplanting, November 18, no indications of 
rosette were observed, although only a relatively few seedlings 
survived the winter. 

A noteworthy point is brought out by results of the experiment 
with the seedlings of the October 7 sowing used in the third and the 
fourth transplantings. From Table 4 it will be seen that 43 to 50 
per cent of the plants in the third transplanting showed rosette, 
whereas plants from the same sowing in the fourth transplanting did 
not show the disease. Only nine plants of the last transplanting 
survived the winter, so that the number is too small to permit of any 
conclusions. However, it appears that either the infected plants 
were more easily winter injured and that all were killed, or else that 
the development of the disease was interfered with in some way by 
the transplanting of the host at the extremely late date, NovemberlS. 
In this connection it may be said that regardless of the increased 
period of exposure to infested soil, the oldest seedlings of a particular 
transplanting did not show the maximum development of rosette. 
Younger seedlings exposed to infection for even shorter time intervals 
had higher percentages of rosette. The age of the seedling at the 
time of transplanting, therefore, appears to be a contributing factor. 

Thus far, only the rosetted condition of Harvest Queen seedlings 
growing in infested soil has been considered. The mottling phase 
likewise has been studied in all cases. But as pointed out earlier, 
the leaf mottling is a very variable manifestation and one extremely 
difficult to express. The mottling data for the Harvest Queen 
seedlings growing in infested soil are included also in Table 4, but no 
disease curves are presented. 

In both the sterilized and unsterilized transplanted seedlings, it 
may be said that variable leaf mottling generally occurred throughout 
the entire experiment. The mottling was so faint as to be question¬ 
able in most cases on the older seedlings of the first transplanting, and 
high percentages of conspicuous mottling occurred only in the 1-week 
and 2-week unsterilized seedlings. This is the only outstanding 
instance in which the surface sterilization of the seedlings appears to 
have interfered with the mottling development somewhat as it 
appeared to do with the rosette development. Conspicuous mottling 
generally was obtained in the subsequent transplantings, with the 
exception of somewhat consistently questionable mottling in the 
youngest transplanted seedlings. In cases in which the mottling was 
so faint as frequently to be questionable, no rosette occurred. Uri- 
sterilized seedlings of the fourth transplanting showed excellent 
mottling in one case and questionable mottling in the other. No 
cases of rosette occurred in this transplanting. It appears, therefore, 
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that mottling may occur under a wider range of conditions than 
rosette. 

While there were no consistent differences in the mottling of the 
sterilized and unsterilized series, the mottling curves for the different 
transplantings appeared to be more consistent and uniform in the 
case of the sterilized seedlings than in the case of the unsterilized 
seedlings. Reference to Table 4 will reveal the mottling data for the 
Currell variety. They are very similar to those just considered for 
the Harvest Queen variety and need not be considered further. It 
should be pointed out, however, that conspicuous mottling in varying 
percentages was obtained in the 1-week and 2-week seedlings in both 
the sterilized and unsterilized series of the first transplanting and in 
all the surviving seedlings of the last transplanting. 

Simultaneously with the different transplantings of seedlings from 
infested soil to disease-free soil, corresponding transplantings of both 
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Fig. 8 .—Influence of stage of seedling growth on the development of rosette in Harvest Queen wheat under 
field conditions, as determined by transplanting seedlings of different ages from noninfested to infested 
soil on different dates during the fall of 1924 

varieties were made in the opposite direction. The results of this 
study are included in Table 5 and the curves appear in Figure 8. 

If the rosette phase in the Harvest Queen variety is considered 
first, it will be seen that the disease generally developed to the 
greatest extent in the different seedlings of the first transplanting 
(September 16), followed uniformly by those of the second trans¬ 
planting (October 7). The curves are remarkably uniform and 
consistent. In fact, the only noticeable difference is that, whereas 
no rosette developed in the 6-week seedlings of the first transplanting, 
a relatively small percentage developed in the corresponding seedlings 
of the second transplanting. 

The disease curves further demonstrate the influence of soil tem¬ 
perature, and agree well with the results obtained in the controlled 
and uncontrolled soil-temperature experiments.. While age of seed¬ 
ling and soil temperature are important factors influencing infection, 
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neither apparently modifies or obscures the effect of the other 
under the experimental conditions employed. In both the first and 
second transplan tings, the seedlings 4 weeks old at the time of 
transplanting showed the highest percentage of rosette, followed in 
order by the 3-week, 2-week, 1-week, 5-week, and 6-week stages. 


Table 5.— Influence of stage of seedling development , in relation to daily fluctuat¬ 
ing soil temperatures, on the development of the mosaic disease of Harvest Queen 
and Currell wheats, as determined by transplanting seedlings of six different ages 
from noninfested to naturally infested soil , on each of four different dates , during 
the fall of 1924 


Development of mosaic 


Date of sowing 

Age of 
seed¬ 
lings 
when, 
trans¬ 
plant¬ 
ed 

Date of 
trans¬ 
plant¬ 
ing 

Average weekly soil temperatures for six. 
successive weeks after transplanting 

disease (per cent) m— 

Harvest Queen 

Cur¬ 

rell, 

mot¬ 

tling 

Period 

Mean 

Maxi¬ 

mum 

Mini¬ 

mum 

Ro¬ 

sette 

Mot¬ 

tling 


Weeks 



° a 

0 c. 

° C. . 




Aug. 4.. 

6 


fSept. 15-21. 

14.8 

18.0 

11.5 

0 

«8.0 

46.2 

Aug. 11. 

5 


Sept. 22-28 . 

13 3 

16.3 

10.4 

28.6 

71.0 

50.0 

Aug. 1S_.._ 

4 


Sept. 29-Oct. 5_ 

10.7 

12 8 

8.5 

66.7 

67 0 

50. 0 

Aug. 25__ 

3 

lo 

Oct. 6-12_ 

10.3 

11.7 

8.9 

57.1 

71.0 

55.0 

Sept. 1. 

2 


Oct. 13-19.. 

10 1 

11 5 

8.7 

57.1 

50 0 

11 8 

Sept. 8. 

1 


Oct. 20-26. 

5.4 

6.5 

4.3 

38 1 

10.0 

17.6 

Aug. 25.. 

6 


fOct. 6-12. 

10 3 

11.7 

8.9 

11.1 

33 0 

33 3 

Sept. 1. 

5 


Oct. 13-19.. 

10.1 

11.5 

8.7 

16.7 

60.0 

31. 6 

Sept. 8_ 

4 


Oct. 20-26.. 

5.4 

6.5 

4.3 

42.1 

68.0 

41.2 

Sept. 16_ 

3 

*UCIi 4 

Oct. 27-Nov. 2--.. 

6.1 

7 8 

4.4 

30.1 

80 0 

35.0 

Sept. 22... 

2 


Nov. 3-9.. .. 

3 1 

4.7 

1.6 

27.8 

50. 0 

5.0 

Sept. 29. _ 

1 


Nov 10-16_ 

2.0 

2 9 

1.1 

21. J 

53. 0 

24.0 

Sept. 16_ 

6 


(Oct. 27-Nov. 2--- 

6.1 

7.8 

4.4 

0 

15. 0 

<■ 10 0 

Sept. 22. _ 

5 


Nov. 3-9. . 

3.1 

4 7 

1.6 

15.0 i 

40 0 

10. 5 

Sept. 29_- 

4 

■Oct. 28 b 

Nov. 10-16. 

2 0 

2.9 

1.1 

o ; 

10 0 

20.0 

Oct. 7. 

3 

‘ Nov. 17-23_ 

.1 

.9 

-.7 

o ! 

0 

13.0 

Oct. 13.. 

2 


Nov. 24-30.- . 

-3.5 

—2. S 

-4.2 

0 1 

« 5.0 

20.0 

Oct. 20 .. 

1 


Dec. 1-7.. 

(d) 

( d ) 

.9 

( d ) 

o ; 

0 

0 

Oct. 7. 

6 


(Nov 17-23 

,1 

-.7 

o ! 

« 6. 0 

(9 

Oct. 13. 

5 


Nov. 24-30-. - - 

-3.5 

-2.8 

-4.2 

o ! 

0 

(9 

Oct. 20. 

4 

Nov. 18 b 

Dec. 1-7 - .. 

( d ) 

< rf ) 

* ('9 

0 ! 

0 

(/) 

Oct. 27. 

3 

Dec. 8-14. 

( d ) 

<‘9 

(•9 

(9 ; 

(9 

(O 

Nov 3. 

2 


Dee. 15-21 

( d ) 

(<9 

09 

(9 

(9 

(/) 

Nov. 11. 

1 


Dee, 22-28. 

( d ) 

('9 

(<9 

(9 

(9 

(0 


« Mottling so faint as to be questionable. 

b The regular date of transplanting would have been a day earlier, and therefore the temperature record 
for the week would have been begun one day earlier than the date of transplanting. 

« Mottling faint. 

Soil thermograph out of order. 

• Plants winterkilled after transplanting. 
f Plants killed before emerging. 


Whether the 4-week seedlings actually are more susceptible to 
infection than the seedlings of other ages, or merely represent the 
best stage for transplanting, is not known. The fact that in only 
one instance a small percentage of rosette developed in the trans¬ 
planted 6-week seedlings indicates that little or no infection is likely 
after a period of 5 or 6 weeks from date of seeding. The decline 
in the rosette curve with the 1-weelc seedlings very probably is due 
to the diminution of surface exposed to the infested soil, caused by 
the smaller root system. In addition, the setback of transplanting 
very probably is greater with these than with older seedlings. How¬ 
ever, no perceptible retardation was noted. 
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In the third transplanting, the only cases of rosette occurred in 
the 5-week seedlings, 15 per cent showing the disease. The mean 
weekly soil temperature for the five successive weeks after trans¬ 
planting ranged from 6.1° to - 3.5° C. The fact, then, that the soil 
temperature was so relatively low and that the transplanted seed¬ 
lings grew under such unfavorable conditions, probably explains the 
absence of the disease. 

In the fourth transplanting, seedlings of the three latest sowings 
were winterkilled soon after emergence. A few plants of the 6-week, 
5-week, and 4-week seedlings survived, but none of these showed any 
indications of rosette. The soil temperature ranged from 0.1° C. to 
considerably below —4.2° C. after the seedlings had been trans¬ 
planted to infested soil. 

From an examination of the mottling data for the Harvest Queen 
variety in Table 5, it is evident that mottling occurred in each of the 
different ages of seedlings of the first two transplantings. The two 
disease curves, though not shown in this paper, are very similar, the 
highest percentages of mottled plants occurring in the 3-week, 4-week, 
and 5-week seedlings and diminishing in younger or older seedlings. 
The mottling was questionable in the oldest seedlings of the first 
transplanting and it was either absent or very faint in the younger 
seedlings of the third transplanting. 

It is interesting to note that a small percentage of faint mottling 
occurred in the oldest seedlings of the fourth transplanting, even 
though the soil temperature ranged from 0.9° C. to below 0° C. 
after the transplanting to infested soil. 

In general, the percentages of plants showing mottling were higher 
than those showing rosette, and in cases in which the mottling was 
either absent or faint no rosette occurred. It thus appears that the 
leaf-mottling condition is capable of developing over a wider range 
of both soil temperatures and seedling ages than is the rosette con¬ 
dition. 

The leaf-mottling data for the Currell variety also are shown in 
Table 5. Higher percentages of mottling occurred in the seedlings 
of the first transplanting, followed in order by those of the second 
and third transplantings. Mottling was very uniform with the 
3-week, 4-week, and 5-week seedlings in each transplanting, and a 
noticeable decrease appeared in the younger seedlings. No mottling 
was evident in the 1-week seedlings of the third transplanting. All 
seedlings of the fourth transplanting were winterkilled, and no 
mottling data wrere obtainable. In comparing the leaf-mottling 
data of Currell with those of Harvest Queen, it is evident that the 
percentages generally are less and that the disease curves, though 
not shown in this paper, differ somewhat. Nevertheless, the soil- 
temperature and seedling-stage ranges are about the same for each 
variety. 

DISCUSSION 

In diagnosing the mosaic disease of winter-wheat seedlings, macro- 
scopical symptoms have been employed as criteria. Microscopical 
symptoms, such as intracellular bodies, offer a more delicate diagnosis 
in extreme or doubtful cases, but the necessity of studying large 
numbers of plants makes this method slow and laborious. Until 
the presence of a causal agent can be detected, the mosaic disease 

70354—27-3 
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of wheat, like all other virus diseases, must be defined in terms of 
host response. Obviously, the presence of symptoms always indicates 
that infection has occurred, but the absence of such symptoms does 
not necessarily indicate that infection has not occurred. 

As a rule, the rosette phase is a generally constant and unmistak¬ 
able index, and its occurrence can be effectively expressed in terms 
of percentages. Intermediate stages may occur in some instances, 
but they have been the exception in the experiments reported. The 
leaf mottling, on the other hand, is a much more difficult response 
to calibrate, inasmuch as both the percentage of plants showing 
mottling and the intensity of the mottling are variables. The 
present-day quantitative and qualitative methods of mottling 
determination, therefore, are unsatisfactory and inadequate, and 
this condition serves as the explanation for the greater emphasis 
given to the rosette phase than to the mottling phase throughout 
this paper. 

Winter-wheat seedlings are particularly hardy and may withstand 
much rough treatment with no visible injury. These properties, 
therefore, well adapt them for experimentation of this type. The 
method of transplanting, of course, is open to criticism, for it neces¬ 
sitates the removal of the seedlings from the soil and causes con¬ 
siderable disturbance. However, at the time of these experiments, 
this method was the most natural and the only one applicable to the 
problem. It is realized that growth, or the ability of the tissues to 
resume growth after transplanting, is an important matter and that 
all factors governing growth before and after transplanting exert 
important influences. The transplanting results, therefore, must be 
accepted with these points in mind. 

In general, the results presented in this paper indicate that the 
seedling infection and symptom expression of the mosaic disease in 
the Harvest Queen and Currell varieties are most pronounced under 
those environmental conditions which are best adapted for the 
development of the host during the seedling stages. Conditions, 
therefore, which promote high resistance to many plant diseases 
promote high susceptibility to the wheat mosaic disease. In this 
respect the wheat disease agrees well with the other known virus 
diseases of the mosaic type, as it has long been known and well 
established that the mosaic diseases occur and develop best with 
the most active host development. Similar relations, moreover, 
recently have been reported by Keitt (7), by Jones (£>), and by 
Fellows (2), for certain plant diseases outside of the virus category. 

The data herein presented certainly demonstrate that soil tempera¬ 
ture and soil moisture are important factors influencing infection and 
subsequent development of the mosaic disease of winter wheat. The 
fact that the disease developed only at low soil temperatures and 
decidedly best at high soil moistures is particularly significant. No 
doubt the effect of one or both of these two environmental factors is 
important in the frequent development of the disease in patchy and 
more or less circular areas under field conditions. However, the 
possible variation of soil infestation is a question that always must 
be considered. 

The absence of rosette and mottling in seedlings developed at the 
relatively high soil temperatures of 23° and 30° C. and at low soil 
moistures brings up interesting questions at this time. What is the 
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explanation of these relations? Is it a question of either host response 
or virus activity, or both? Or, if it is purely a question of host 
response, is the resistance Which is developed during an early seedling 
stage dominant throughout the susceptible seedling stage? Unfor¬ 
tunately, the information now available concerns only the disease 
expressed in terms of host response. Nothing is known concerning 
the virus response, and until data are obtained from property studies 
made on the virus in the soil, in the expressed tissue fluids, and isolated 
from these respective media, little can be offered in the way of a 
satisfactory explanation. 

Different types of metabolism within the host occur at the low and 
the high soil-temperature extremes. These relations are very sig¬ 
nificant and undoubtedly play an important part in infection and 
the subsequent development of this disease. At the low tempera¬ 
tures, emergence is relatively slow, the roots develop first and faster 
than the plumules, root development is highly stimulated, the roots 
are fleshy in texture, the elongation of the subcoronal internode is 
inhibited, and the coleoptile develops faster than the growing culm, 
thereby protecting the growing tip. It is in the seedlings of this type 
and. under the corresponding environmental conditions essential for 
their development that the mosaic disease of wheat develops best. 
Either the protection offered to the growing point by the coleoptile 
possesses no value in the case of this disease, contrary to its role in 
certain other soil-borne diseases, or else no infection occurs through 
this structure. Conversely, at the higher temperatures, emergence 
is relatively speedy, the plumules develop first and faster than the 
roots, root development generally is depressed, the roots are fine and 
fibrous, brown in color, and not fleshy in texture, the subcoronal 
internode is greatly stimulated, and the growing culm generally rup¬ 
tures the coleoptile before emergence. It is in the seedlings of this 
type, and under the corresponding environmental conditions essen¬ 
tial for their development, that the mosaic disease of wheat fails to 
develop. 

From the standpoint of the causal agent, the results would seem 
to indicate that the absence of rosette and mottling at the higher 
soil temperatures of 23° C. or above was not due entirely to the 
temperature effect on the virus. If the vims is as sensitive as the 
most sensitive virus known to-day, namely, the virus causing the 
cucumber mosaic, it would be able to withstand temperatures 
approaching 50° to 60° C. for short periods. However, too much 
emphasis should not be placed on a comparison of the results of such 
property studies; for, unless the experiments are conducted under 
the same or similar conditions and in the same or similar medium, 
the results possess little in the way of significance. 

It is difficult also to believe that the absence of rosette and mottling 
can be explained entirely on the basis of a desiccating effect on the 
virus at the low soil moistures under favorable temperatures. In¬ 
fested soil from Granite City, Ill., has been stored in a highly desic¬ 
cated state over a period of four years and when sown to wheat has 
produced rosette and mottling most generally and severely. 

While only the questions of host and causal agent have been con¬ 
sidered thus far, it is possible also that some soil vector of an animal 
nature is active in the promotion of mosaic disease and that the 
different results may be due to the various responses of the disease 
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to the experimental conditions. So far, however, there is no evidence 
of such a vector. 

Because the rosette phase of the mosaic disease of winter wheat 
is controlled completely by the use of resistant and immune varie¬ 
ties, as shown in previous papers (3, 8 , 13), no recommendation for 
the control of the disease on a basis of date of seeding is made. In 
extremely early and late fall sowings, in cases where the disease is 
partially or completely controlled, the seeding dates are so far 
removed from the normal seeding dates in the field that they would 
be impracticable. 

SUMMARY 


The occurrence and subsequent development of the mosaic disease 
of winter whe^t is closely associated with normally active growth of 
the seedling. 

The period of infection is limited to the early seedling stage. 
Under favorable environmental conditions, an interval of one week 
from date of seeding is sufficient to permit a high percentage of 
rosetted or mottled plants. Where the environmental conditions 
were less favorable, mottling occurred at time intervals too short for 
the development of rosette. 

The disease developed only within a relatively restricted soil- 
temperature range. In a test at the four different constant soil 
temperatures, 10°, 16°, 23°, and 30° C., the disease occurred only 
at 10° and 16° C. The leaf mottling of the Currell variety occuiTed 
to about an equal degree at each of the two soil temperatures, while 
the rosette and the leaf mottling of the Harvest Queen variety 
developed best at 16° C. No indications of either rosette or mottling 
appeared in either* variety at the two higher soil temperatures. 

A high soil-moisture content decidedly favored the occurrence of 
both rosette and leaf mottling, whereas a medium soil-moisture con¬ 
tent was proportionately less favorable. No indication of symptoms 
appeared under the low* soil-moisture contents. 

Under the controlled conditions described, no shifts occurred in 
the soil-temperature and soil-moisture optima when the value for 
either factor was altered. 

Rosette developed under field conditions at soil temperatures 
strikingly similar to those found most favorable in the controlled 
tanks. Faint mottling of both varieties, however, developed at 
somewhat higher soil temperatures under these fluctuating conditions. 

In the case of seedlings transplanted from infested soil to uninfested 
soil, the age of the seedling at the time of transplanting appeared to be 
a factor influencing the development of the disease; that is, the 
percentage of diseased plants increased only within limits for increased 
periods of exposure to infested soil. 

The rosette-disease infection curves for the seedlings of six different 
ages varied with the transplantings on different dates. These rela¬ 
tions are in direct line with those obtained in the tank and the field 


soil-temperature experiments, 
16° C. 


the disease developing only at or below 


The susceptibility of the seedlings to rosette is influenced by the 
stage of seedling development. In general, the 4-week seedlings 
appeared most susceptible, followed in order by the 3-week, 2-week, 
1-week, 5-week, and 6-week seedlings, respectively. Only in one 
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instance was the disease obtained in the 6-week seedlings, and the 
percentage then was very small. 

# For both varieties tested, mottling was obtained in each of the 
six different ages of seedlings. In contrast to rosette, the mottling 
appeared prominently in the 6-week seedlings. 

Comparing the different varietal responses, it is evident that mot¬ 
tling was more general than rosette, and that the Harvest Queen 
variety showed higher percentages of mottled plants than the Currell 
variety. 

Surface sterilization of the subterranean parts of infected seedlings 
with bichloride of mercury at the time of transplanting noticeably 
reduced the occurrence of rosette, especially in the younger seedlings. 
This treatment entirely prevented the occurrence of rosette in the 
1-week seedlings. 

Leaf mottling was not similarly affected by the surface sterilization. 
On the contrary, the percentages of mottling frequently were higher 
and noticeably more uniform in the sterilized than in the unsterilized 
series. 

The evidence obtained does not throw any definite light on the 
nature of the causal agent. 

Any possible causal relation of Helminthosporium sativum naturally 
occurring in the infested soil to either the rosette or mottling phases 
of this disease is further disproved. 

No effective control measures for this disease are practicable on the 
basis of seeding date, as suggested by the soil-temperature relations. 
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FACTORS AFFECTING THE POPPING QUALITY OF POP 

CORN 1 


By J. G. Willier, formerly Assistant Agronomist , and Arthur M. Brunson, 
Associate Agronomist , Office of Cereal Crops and Diseases, Bureau of Plant 
Industry , United States Department of Agriculture 

INTRODUCTION 

Only during the last half century has corn popping developed into 
an industry of commercial importance. The resulting demand for 
pop corn has given the stimulus necessary to the growing of the 
crop in a large way and has expanded the acreage very considerably. 

The quality of pop corn depends upon its palatability or flavor 
and upon its popping expansion. Although it is commonly recog¬ 
nized that great differences exist in the “ popp ability ” of different 
varieties and in vari¬ 
ous lots of the same 
variety, the matter 
seems not to have 
been studied in a crit¬ 
ical way. 

All starchy corns 
may be placed in one 

Of the four Classes— flH ho#wstapc* [ j sarr^/?c^ 

pop corn, flint corn, fig. l.—Diagrammatic representation of location and relative propor- 
dent com or flour tions of h° rii y Starch and soft starch in the four main classes of 
7 . , . t starchy corn 

corn—on the basis of 

distribution and relative proportions of hard and soft starch in the 
endosperm. The endosperm of the best strains of pop com is corneous 
throughout or contains only a small core of soft starch near the center. 
(Fig. 1.) In flint corn the endosperm consists of a small quantity of 
soft starch, near the embryo, completely surrounded by corneous starch. 
In dent corn the corneous starch is confined mainly to the sides of the 
kernels, soft starch constituting a larger proportion than in flint com. 
In flour com the endosperm is entirely of soft starch except for ves¬ 
tigial traces of hard starch. 

The popping properties of the various types of corn follow rather 
closely the relative proportions of hard or corneous starch in the 
endosperm. Pop com, with the greatest proportion of hard starch 
of any of the four types, is far better than the others in popp ability. 
Flint corn may pop poorly to fairly well, depending on the strain. 
Dent corn rarely will pop at all, though occasionally a few kernels 
will pop feebly. Flour corn will not pop at all. 

It is generally conceded that the popping process is due to the 
sudden liberation of pressure produced by steam generated within 
the kernel. 2 The source of the steam is the moisture contained in 


1 Received for publication July 11, 1927; issued November, 1927. This paper is a report of cooperative 
investigations made by the Bureau of Plant Industry, U. S. Department of Agriculture, and the Kansas 
Agricultural Experiment Station. Department of Agronomy contribution No. 169. 
a Weatherwax, P. the popping of pop corn. Ind. Acad. Sei. Proc. 1921: 349-163. 1922. 
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the kernel and perhaps to a limited extent, also, water of constitu¬ 
tion produced by partial breaking down of the starch molecule when 
heated. 3 The confining structure, according to Weatherwax, is the 
colloidal matrix in which the starch grains are embedded within the 
cell. The success of the explosion in expanding the kernel and com¬ 
pletely disrupting its original structure to produce a uniform and 
tender product depends upon three conditions: (1) Optimum mois¬ 
ture content, (2) an elastic and tenacious confining structure, and 
(3) proper application of heat. 

The first and third of these conditions, viz, optimum moisture 
content and proper application of heat, may be controlled at the 
time of popping. The second condition, however, is a property of 
the endosperm and varies with the sample. It is believed that 
differences in the poppability of various strains are definitely inherited 
and that the properties of endosperm structure have a genetic factorial 
basis, although the mode of inheritance is undoubtedly complicated. 
As a preliminary step in testing the possibilities of pop corn improve¬ 
ment through breeding, this paper is concerned chiefly with a study 
of the degree of association between certain morphological kernel 
characters and popping yield. 

EXPERIMENTAL METHODS 

With the exception of tests covering the influence of moisture con¬ 
tent on poppability, all of the com used in these experiments was of 
uniform and probably nearly optimum moisture content. The pop¬ 
ping trials were conducted at Washington, D. C., during the winter 
months. Until the time of popping the samples were stored in an 
outside shelter protected from direct precipitation but subject to 
continuous free circulation of air. 

The popping trials were made in a wire popper over a gas burner. 
A wire gauze over the burner helped to give a more uniform distribu¬ 
tion of heat. The flame was adjusted so that popping would com¬ 
mence in about one and one-half minutes, which time had previously 
been found to give the best results. A wire swing for the popper 
assured a constant distance between the corn and the source of heat. 

The index of poppability used in this paper is the ratio of the volume 
after popping to the volume of the unpopped com, and for con¬ 
venience is termed “expansion.” Glass graduates were used to 
measure volumes both before and after popping. A uniform sample 
20 cubic centimeters in volume was used throughout for popping, 
and, except where otherwise stated, the expansion is based on dupli¬ 
cate determinations. The expansion was determined only to the 
nearest whole number. Besides expansion, six characters of the 
unpopped kernels were considered, viz, percentage of soft starch, 
weight of 100 kernels, size as measured inversely by the number of 
kernels in 25 cubic centimeters, length of kernels, breadth of kernels, 
and thickness of kernels. 

The proportion of soft starch in the endosperm did not lend itself 
to any simple exact measurement and therefore was estimated. 
Ten random kernels from each ear were split lengthwise and the halves 
glued to cardboard. The percentage of soft starch then was esti- 


3 Carr, R. H.. and Ripley, E. P. 
270, illus. 1921. 


what puts “pop” in pop corn? Ind. Acad. Sci. Proc. 1920: 261- 
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mated for each kernel separately, and the average of the 10 estimates 
was taken as the soft-starch content for the ear as a whole. The 
final ratings were not made until after a preliminary survey had given 
an intimate acquaintance with the material and had fixed the stand¬ 
ards firmly in mind, so that it is thought that the estimates present 
a very fair basis for purposes of comparison. 

Weight of kernels was obtained by weighing 100 kernels from each 
ear. Another measurement which is highly correlated negatively 
with weight was also taken, namely, the number of kernels in a 
measured volume of 25 cubic centimeters. Length of kernel was 
measured by laying 10 kernels end to end in a groove and dividing 
the total length in millimeters by 10. Breadth of kernel and thick¬ 
ness of kernel (from germinal to abgerminal face) were obtained 
similarly. 

INFLUENCE OF MOISTURE CONTENT ON POPPARILITY 

It is well recognized that the moisture content of pop corn has an 
important influence on its poppability. Carr and Ripley, 4 however, 
state that within comparatively wide ranges the moisture content 
has little effect on popping expansion. Weatherwax, 5 taking a similar 
view, expresses the opinion that, although maximum, minimum, and 
optimum moisture contents are indicated, the range is vide. In an 
exhaustive study on the effect of moisture content and other factors 
on popping, Stewart 6 concludes that “a moisture content of 13 to 15 
per cent appears to be the most favorable for maximum popping 
yield.” He states also that, under New York conditions, outside 
storage from October to April will give a moisture content approach¬ 
ing the optimum. 

Table 1 .—Expansion of successive 12-ear samples of White Rice pop corn taken 
while drying , showing relation between moisture content and poppability 
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8.1 

6 

t. 

14.2 

12 

14. 

J 10.6 

16 j 

; 24.. 

7.4 

7 

5_ ! 

13.6 

15 

15.. 

_ 10.5 

15 1 

• 25.. 

7,4 

S 

j___ 

13.6 

14 

16-_. 

.! 10.1 

i6; 

26... 

7.2 

6 

7 . 

12.7 

17 

17. 

. 10.1 

l 14 i 

27.- 

6.9 

8 

J. 

12.7 

16 

18. 

J 9.6 

10 ! 

2S. 

6.3 

7 

) ... 

12.6 

17 

19. 

. ■ 9.5 

12 




LO. 

12.6 

16 

1 20. 

..! 9.2 

11 

l 

1 




A stock of White Rice pop corn grown at Oconomowoc, Wis., was 
divided into a number of samples of 12 ears each, and successive 
moisture and popping determinations were made as the samples 
were drying. Each sample of 12 ears was shelled and thoroughly 
mixed before testing. The data for these tests are given in Table 1 


* Carr, R. H., and Ripley, E. F. Op. cit. 

Weatherwax, P. Op. cit. 

c Stewart, F. C. the relation op moisture content and certain other factors to the popping 
op pop corn. N. Y. State Agr. Expt. Sta. Bui. 505, 70 p., illus. 1923. 
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and are shown graphically in Figure 2. Each value for expansion is 
the mean of several determinations made from a given 12-ear sample. 
About 12 per cent appears to be the optimum moisture content for 
greatest expansion in this sample. 

RELATION OF KERNEL CHARACTERS TO POPPABILITY IN WHITE 

RICE POP CORN 

One hundred ears of White Kice pop corn grown, harvested, and 
cured under as nearly identical conditions as possible formed the 
material for a preliminary study of the relation of kernel characters 
to poppability. Data were obtained for the weight of 100 kernels, 
the number of kernels in a 25 cubic centimeter volume, the percentage 



0 2 * <? # /0 /2 /* /<? /<? 
M 0AS- r£//?£, /*£/£ C£//r 

Fig. 2.— -Relation between moisture content and popping expansion in White Rice pop com 


of soft starch, and the expansion for each ear. The expansion on 
popping ranged from 5 to 25 volumes. The cars were grouped into 
seven classes according to expansion, and the average obtained in 
each group for the various characters noted is shown in Table 2. 

There is a distinct tendency for the size of the kernels to decrease 
as the expansion increases. In other words, the ears giving the greater 
increase in volume on popping tend on the average to have smaller 
kernels. This is true when kernel size is measured either by the 
weight of 100 kernels or by the number of kernels in 25 cubic centi¬ 
meters. In group A the average expansion is 6.0, the average weight 
of 100 kernels is 15.5 gms., and the average number of kernels in 
25 cubic centimeters is 130. At the other extreme, in group G, 
with an average expansion of 24.2, the weight of 100 kernels is only 
11.6 gms. and the average number of kernels in 25 cubic centimeters 
is 177.4. 
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Table 2 . —Relation between certain kernel characters and popping quality of White 
Rice pop corn , as shown by the mean values of these characters when a population 
is grouped on the basis of expansion 

[Correlation of expansion with weight of 100 kernels, -Q.57±0.046, with number of kernels in 25 c. c, 0.55 
±0.046; and with per cent of soft starch, —0.55±0.047] 


Group 


A. 

B. 

C. 

D. 

E. 

F. 

G. 


f 

! Range 

1 of 

; expan- 
i sion 
(vol¬ 
umes) 

Number 
of ears 

Average 

I 1 

Weight 
of 100 
kernels 
(grams) 

( Number ! 

! of : 

l kernels j 
in 25 ; 

i cubic 1 

I centi¬ 
meters i 

! 

j 

Percent-! 
age of ! 
soft j 
starch | 

Expan¬ 

sion 

(vol¬ 

umes) 

5-7 

12 

15.5 

130 t 

11.2 i 

6.0 

8-10 

14 

15.2 

136 

9.9 I 

9.4 

11-13 

20 

14.0 

148 ! 

7.8 i 

12.0 

14-16 

20 

14.1 

145 1 

8.2 ! 

15.0 

17-19 

I 11 

12.9 

! 158 i 

7.2 | 

17.9 

; 20-22 

13 

11.4 

i 180 

3.8 

20.5 

23-25 

10 

11.6 

i 177 | 

l i 

2.6 

24.2 


The relation of percentage of soft starch to popp ability also is 
pronounced. Group A has an average soft-starch content of 11.2 
per cent, whereas group G, with the largest popping expansion, has 
an average soft-starch content of only 2.6 per cent. There is a con¬ 
sistent decrease in the soft-starch content from group to group when 
the groups are arranged in ascending order on the basis of expansion. 

The tendencies shown in these groupings suggest at once the prob¬ 
ability of significant correlations between expansion and the three 
kernel characters measured. The correlation coefficients were calcu¬ 
lated and are shown in Table 2. These coefficients are all about 
twelve times their probable errors and are of undoubted significance. 


INFLUENCE OF KERNEL CHARACTERS ON POPPAEILITY IN 
YELLOW PEARL POP CORN 

In order to verify and amplify the results of the preliminary 
studies, a second experiment was planned, in which a larger number 
of ears of another variety was used, and the scope of the work was 
extended to include three additional kernel measurements. A sample 
of 394 ears of Yellow Pearl, which had uniform conditions for growth 
and curing, was used as the experimental material. The weight of 
100 kernels, number of kernels in 25 cubic centimeters, percentage of 
soft starch, and expansion were determined as before. In an attempt 
to analyze further the relation between kernel size and expansion, 
the three additional measurements of length, breadth, and thickness 
of kernels were also taken. 


Table 3 . —The means , standard deviations , and coefficients of variability of the 
various characters studied in a group of 394 oars of Yellow Pearl pop corn 


Symbol 

Character 

Mean 

Standard 

deviation 

Coefficient of 
variability 

V. . 

Exnansiom __ 

_volumes— 

24.2Q±0.078 

2.29±0.055 

9.45±Q. 229 

S .... 

PeroentaffA nf soft starch. _ _ 

8 . 09± . 139 

4. Q9± .098 

50. 59±1.495 

w. . 

Weicrht of 100 kernels—_ . 

__£rams__ 

15.05± . 060 

1.77± . 043 | 

11.78± . 287 

V.. 

Number of kernels in 25 cubic centimeters... 

143.1Q± .574 

16.90± .406 ! 

11 . 81± . 288 

L . 

Length of kernel-.. 

..millimeters.. 

8.08± .015 

. 45± .011 | 

5.52± .133 

B . 

Breadth of kernel... 

.do_ 

5.70± . Oil j 

.33± .008 ! 

5.72± . 138 

T 

'Phifitness of kernel 

_do_ 

3.4S± . 009 

.28db .007 

8 . 01± . 194 
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The ordinary statistical constants of the various measurements, 
together with the symbols used hereafter for the various characters, 
are shown in Table 3. 

GROSS CORRELATIONS 

The coefficients of correlation between expansion and each of the 
kernel characters and also those between the various combinations of 
kernel characters, are given in Table 4. 


Table 4. —Gross correlations between all possible combinations of the various 
characters studied in a sample of 394 ears °f YeUow Pearl pop corn 


Character 

Expansion 

(volumes) 

V 

Percentage of 
soft starch 

S 

Weight of 100 
kernels 
(grams) 

W 

Number of 
kernels in 25 
cubic 

centimeters 

N 

Expansion__ V.. 


-0.59d=0.022 

.42=k .028 

-. 47=h . 026 
. 19=1= . 033 
. 15=1= . 033 
.17=b .033 

-0.31=1=0.031 
.42=1= .028 

0.38dbO 029 
-.47=1= .026 
-. 84=1= . 010 

Percentage of soft starch.S— 

Weight 100 kernels_ __ _ W _ 

-0.59=1=0.022 
—.31=1= .031 

.38=b . 029 
—.44=1= .028 
—. 29=b .031 
-.17=1= .033 

Number of kernels m 25 cubic centi¬ 
meters_ __ __ __ N 

-. 84d= . 010 
.09=1= .034 
. 16d= .033 
. 08=1= . 034 

Length of kernels.-. 

Breadth of kernels.R__ 

Thickness of kernels... 

12=k . 033 
-.18d= . 033 
-.13=1= .033 

Character 

Length of 
kernels 
(millimeters) 

L 

Breadth of 
kernels 
(millimeters) 

B 

Thickness 
of kernels 
(millimeters) 

T 

Expansion...... V.. 

-0.44=1=0.028 
. 19=1= .033 
. 09=1= .034 
-. 12=1= . 033 

-0.29=1=0. 031 
.15=1= .033 
. 16± .033 
-.18=1= .033 
. 19d= .033 

-0.17=1=0. 033 
.17=1= .033 
. 08d= .034 
13=k . 033 
. 07 =k . 034 
. 09 =k . 034 

Percentage of soft starch__ S .. 

Weight 100 kernels...__ W.. 

Number of kernels in 25 cubic centimeters_ N 

Length of kernels... ...L__ 

Breadth of kernels.. B _ _ 

.19=1= .033 
. 07=1= .034 

Thickness of kernels___ T 

. 09=4= . 034 




The correlations between expansion and the first three kernel 
characters confirm the results of the preliminary study on White 
Rice pop corn, although the coefficients for weight of kernel and for 
number of kernels in a given volume are somewhat lower. The 
correlations involving expansion all show that within this sample 
those ears with the smaller kernels and those with kernels containing 
the least proportion of soft starch, in general, give the greatest 
increase in volume on popping. The percentage of soft starch in the 
endosperm had the greatest influence on popping yield of any of the 
kernel characters considered in this study, the coefficient of corre¬ 
lation in this case being —0.59 and 27 times its probable error. 
The conclusion that ears with the most horny and vitreous kernels 
tend to give the largest popping yields appears to be fully warranted. 

The further analysis of the various relations shows that length, 
breadth, and thickness of kernel are all negatively correlated with the 
expansion. This would be expected, as these measurements largely 
determine the size of the kernel. The correlation of expansion is 
greatest with length of kernel and least with thickness of kernel. 
All of these correlation coefficients are statistically significant. 

Considering the correlations of kernel characters among themselves, 
the greatest is between number of kernels per given volume and 
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weight of kernels and, of course, is negative. Interesting points 
brought out in Table 4 are the relatively high correlations between 
weight and starchiness (0.42 ± 0.028) and between size of kernels (as 
measured by number of kernels in 25 c. e.) and starchiness ( — 0.47 ± 
0.026). These values indicate that large kernels are much more 
likely than small ones to have a large proportion of soft starch and 
suggest that one reason for the relatively poor popping quality of the 
ears with the larger kernels may be the associated higher percentage 
of soft starch which they contain. 

The remaining correlations among the kernel characters are com¬ 
paratively small. Those coefficients of 0.11 or more are over three 
times their probable errors and may be considered as probably 
significant. It is rather surprising that the correlations between 
weight of kernel and length, breadth, and thickness of kernel are not 
higher. Length and thickness are more highly correlated with starchi¬ 
ness than with weight, and breadth is correlated about equally with 
starchiness and with weight. 

MULTIPLE CORRELATIONS 

In the gross correlations considered in the previous paragraphs, the 
tendencies toward concomitant variation between poppability and 
certain individual kernel characters have been pointed out. These 
kernel characters, in turn, have been shown to be more or less highly 
correlated among themselves. In order to ascertain the relationships 
between expansion and the combined effect of all the other characters 
reported, or various groups of them, the method of multiple correla¬ 
tions was used. The coefficients of multiple correlations of expansion 
with various combinations of kernel characters are given in Table 5. 


Table 5. —Coefficients of multiple correlation between expansion and various com¬ 
binations of kernel characters , ranked according to their numerical value 

[For explanation of symbols, see Table 3] 


Characters 

Coeffi¬ 

cient 

W 

Characters 

1 

Coeffi- ; 
cient i 
(B) | 

Characters 

Coeffi- | 
cient 
<*) 

Characters 

Coeffi¬ 

cient 

(R) 

V(SWNLBT). 

0.731 

V(SL) . 

0.678 

F(S IF)_ 

0.597 

F {WNBT) _ 

0. - 478 

V(SWNLB).. 

.729 

V(SWNBT).. 

.674 ' 

P (WNLBT)- 

.589 

F( NBT) _ 

.458 

V(S2?LBT )„_ 

.718 

Ft STO).... 

.673 : 

V ( WNLB) _ 

.587 

nm-. 

.457 

V{SWNLT).. 

.715 

V (SWNT) _ 

.644 ; 

V tNLBT) - 

.587 

V(WNB) . 

.445 

V (SWNL . 

.714 

V(SWN) _ 

.643 | 

V(NLB) . 

.578 

V {WNT) . 

.417 

V(SITLB)--. 

.701 

V(SNBT),-~ 

i .635 1 

V ( WNL T). _ _ 

1 .564 I 

V(.wBT) . 

S .416 

ViSWLBT ).. 

.697 

V(SWB) . 

! .633 ! 

V ( WNL) . 

.561 « 

V{NB) . 

1 .410 

V(SLBT) . 

.696 

FCSWjBT) —- 

! .630 ! 

V{NLT) . 

! .557 

revrn. 

.402 

V(SWXR).— 

.695 

V(SBT) . 

! .629 ; 

V {WLBT)—. 

| . 553 ■ 

V{WB) . 

! .395 

V(SLB)-- .. 

.694 

F(STFB). 

; .628 

V(NL) . 

>' .548 ! 

V{WN) . 

1 .355 

V{3NLT)--. 

.688 

F (SB) .. 

.626 ; 

F ( WLB) _ 

! .541 | 

F(IFT). 

1 .344 

V(SNL) . 

V{SWLT)..-.- 

V(SWL) .| 

V (SL T) . 

.686 

.684 

.681 

.681 

V(SNT) . 

F( SN) . 

V(SWT) .. 

V(ST ). 

. 6G8 , 
.604 1 
.601 
.597 | 

i 

V ( WL T) _ 

V ( WL) . 

V(LBT) .- 

F {LB) . 

| .528 

t .513 

! .499 

i .482 

1 1 

V {BT) . 

1 .325 

! 

s 


When all six kernel characters are considered with expansion, 
R = 0.731. This value for R may be substituted in the formula 
100 (1 — Vl — U 2 ) to find the proportion of variability in expansion 
directly associated with the kernel characters studied. The value 
obtained, 31.8 per cent, indicates that approximately one-third of 
this variability is accounted for by variations having to do with size 
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and starchiness of the unpopped kernels. Other factors, such, per¬ 
haps, as the size of the starch grains or the tenacity or elasticity of 
the surrounding matrix, may play an important part in determining 
the degree of expansion. 

In the sample studied, however, fairly reliable predictions of 
poppability could be made on the basis of the size and soft-starch 
content of the kernels, two easily observable characters. 

The importance of the influence of starchiness on popping quality 
may be noted from the fact that the correlation between expansion 
and percentage of soft starch ( r vs = —0.593, Table 4) is slightly greater 
than the multiple correlation between expansion and all the kernel 
characters studied other than starchiness (R v ( wnlbt ) — 0.589, Table 5). 

PARTIAL CORRELATIONS 

The partial correlation method is especially valuable for purposes 
of analysis in a study of this kind, in which several related characters 
are more or less highly correlated among themselves. 

The various partial correlations resulting from the study are given 
in Table 6. In each case the first two letters indicate the variables 
for which the correlation is calculated with the characters indicated 
by the subsequent letters held constant. The coefficients, therefore, 
measure the correlation between expansion and one of the kernel 
characters, the influence of various combinations of the other charac¬ 
ters being eliminated. The coefficients for any two characters are 
arranged in order of their magnitude. 

The partial correlation coefficients for expansion and percentage 
of soft starch are high throughout, irrespective of what combinations 
of other characters are held constant. Of all the kernel characters 
studied, the proportion of soft starch seems to be most closely asso¬ 
ciated with popping expansion and to be most nearly free from 
influence by the other characters studied. 

The partial correlations of expansion with weight of kernel present 
an interesting situation. The coefficients are all negative when the 
number of kernels is variable, but all positive in those combinations 
in which number of kernels is held constant. In other words, the 
popping expansion is highest in general in the lightest kernels, but 
in the case of kernels of a given size the popping expansion is slightly 
greater in the heavier ones. This suggests at once that probably 
there is a positive relation between popping expansion and specific 
gravity. The fact that pop corn has a considerably higher test 
weight per measured bushel than does field com lends support to 
this hypothesis. No determinations of kernel density were made on 
the ears studied. 

The partial coefficients for expansion with number of kernels per 
25 cubic centimeters are all positive. There is a decided drop in 
those coefficients, however, in which starchiness is held constant. 
The smaller coefficients in every instance are combinations which 
contain starchiness as one of the constant factors. 

The correlations of expansion with length of kernel are negative 
and are all of undoubted significance, the smallest coefficient being 
thirteen times its probable error. These coefficients differ little, 
irrespective of what characters are held constant. 
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Table 6. —Partial correlations of expansion with each kernel character studied when 
various combinations of the other characters are held constant 


[For explanation of symbols see Table 3] 


Characters 

T i 

Characters 

T 

1 Cbaraeteis 

i 

T 

Characters j 

r 

VS. T. . 

-0.58 

VW. NT . 

0.01 

! VL. T . 

-0.43 

VB. WL .J 

-0.20 

VS. B . 

—. 58 [ 

VW.NLBT— 

.01 

j VL. W. . 

-.43 

VB. SL. . 

-.20 

vs. L . 

-.58 , 

VW.NL . 

.01 

VL. WT. . 

-.43 

VB. SL T . 

-.20 

VS LB .. 

-.57 * 

VW. NET. _ 

.02 

! VL. N .. 

- 42 ! 

VB. WLT . 

19 

VS. BT. . 

—.57 i 

VW N _ 

02 

, VL WN . 

-.42 

VB. SWL . 

-.19 

VS. LT. . 

—.57 ; 

VW.NLB... 

. 02 

! VL. NT 

—. 42 

Fff. WXL 

—. 19 

VS. LB T. . 

. of} ! 

VW NB . 

.03 

\ VL. WNT ..... 

-. 42 

VB. NL . 

-. 19 

VS. W. . 

—. 54 i 

VW NSLT _ 

.04 

! VL. SW . 

-. 41 

VB. SWLT..... 

-. 19 

VS. WB . 

—. 53 ; 

VW. NSL . 


VL. S- . 

—.41 

VB S WNL _ 

-. 19 

VS. WT . 

-.52 j 

VW.'NST . 

.05 

VL. SN . 

-.41 

VB. WNLT— 

-. 19 

VS. WL .. 

-52 ' 

VW NSLBT.. 

.05 

VL. SWT . 

-.41 

VB. NL T . 

-. 19 

VS. WBT . 

-.52 ! 

VW. NSLB... 

.05 

VL. S WN. . 

41 

VB. SWNLT— 

19 

VS. WLB . 

—.52 1 

VW. NS . 

.05 

VL. ST. . 

—. 41 

VB. SNLT . 

—. 18 

VS. WL T- . 

-.51 
-.51 | 

VW.NSBT... 

. 05 

VL. SNT. . 

-. 41 

VB SNL . 

-. IS 

VS WLBT _ 

VW NSB _ 

.06 

VL. S WN T — 

-. 41 

VT.L . 

-. 16 

VS. NW m . 

—.51 ! 

VN. L 

.37 

VL. B . 

—.40 

VT. IF.. 

-. 16 

VS. N . 


VN. T. . 

.37 

VL. WB . 

-. 40 

VT. B . 

—. 15 

FS NWB .. 

-.50 

VN. L T .. 

.36 

VL. BT _ 

-. 40 

VT. LB . 

—. 15 

VS. NB . 

- 50 ' 

VN. B .— 

.35 

! VL. WBT . 

-. 40 

VT. WL . 

-. 14 

VS. N WT _ 

—. 50 

VN LB 

.35 

VL NB.. _ 

-. 40 

VT. WB _ 

—. 14 

VS. NT _ 

-.50 ’ 

VN. BT . 

.34 

| VL. WNB _ 

40 

VT. WLB . 

13 

VS. NWBT 

— 50 ' 

VN LBT 

. 34 

i VL NBT 

—. 40 

VT. N.— . 

—. 13 

VS.NWL _ 1 

- 50 1 

VN. W . 

.24 

1 VL. WNBT— 

j -.40 

VT. WN .i 

-.13 

VS. NET ..' 

—.50 | 

VN. WL . 

! .22 

: VL. SWB _ 

1 39 

VT. NL .i 

-. 12 

VS. NWLB _ 

- 49 , 

VN. WB . 

.22 

VL. SWNB _ 

; -.38 

VT. WNL .j 

-. 12 

VS NL .i 

- 49 

VN. WT _ 

1 .22 

! VL. SNB T - 

1 - 38- 

VT.NB .! 

-. 12 

VS. NLB _! 

-.49 I 

VN. WLB _ 

; . 22 

j VL. SWBT— 

, -.38' 

VT. WNB .. 

-. 12 

VS N WL T -j 

- 49 

! VN. WLT _ 

.21 

VL. SB _ 

! -.38 1 

! VT. NLB . 

-.11 

VS NWLBT..A 

j - 49 

; VN. WBT..... 

.21 

1 VL SWNBT-. 

1 -. 38 1 

i VT. WNLB— 

-. 11 

VS. NL T. _! 

- 49 

VN. WLBT... 

.20 

. VL. SBT _ 

1 -.38 

VT. S _ 

-.09 

VS NLBT \ 

—.49 

VN. S 

. 15 

FJ9. T .. 

i —.28 

VT. STF_. 

-.09 

VW. T. . 

— 30 

VN. SL 

. 14 

! VB. ir.. 

i —.26 

VT. SL . 

-. 08 

VW.L _ 

1 -. 30 

VN. ST . 

. 14 

VB. S _ 

-.25 

VT. SN . 

-.08 

VW. LT 

—.30 

VN. SL T 

. 14 

1 VB. WT 

—. 25 

VT. SWL . 

—.08 

VW. B . 

—.28 

I VN. SW 

. 13 

VB. WN . 

, —.25 

VT. SWN . 

-. 08 

VW. LB 

i —.28 

| VN. SWL __ 

! .12 

! VB. ST. . 

, —.25 

! VT. SWB . 

-.08 

VW. BT 

1 —.27 

i VN. SWT..- 

.12 i 

i VB. N .. 

-.25 

VT. SB .J 

-08 

VW. LBT .. 

! -.27 

VN. SLB _ 

.12 

. VB. SW _ 

! -.24 

VT. SNL _ 

-.07 

VW. SL . 

i -.09 

VN. SLBT—. 

.12 

i VB. WNT— 

i -.24 ; 

VT. SWLB . 

-. 07 

VW. SL T 

—.09 

VN. SB . 

1 .12 

' VB. NT . 

i —24 

VT. SLB. . 

-.07 

VW. S. . 

1 -.09 

VN SWB _ 

! .12 

VB. SWT _ 

| -.24 

VT. SWNL _ 

-. 07 

FIT. ST . 

! -.09 

VN. SWLT _ 

. 12 

1 VB. SWN _ 

i -.24 

VT. SNB . 

VT. SWLB.... 
VT. SNLB . 

-. 07 

FIF. SLBT ..... 

— 07 

VN. SBT. . 

! .12 

; VB. SN . 

• -.24 

-.07 

VW. SLB . 

-. 07 

VN. SWLB — 

; .12 

\ VB. S WNT _ 

i -.23 

07 

VW. SBT _ 

06 

VN. SWBT... 

i .n 

VB. SNT. . 

-.23 

, FT. SWNLB... 

-. 06 

VW. SB . 

VW.NLT. . 

-. 06 
.01 

VN. SWLBT— 
VL SNB . 

i .n 

i -•« 

; VB.L... . 

VB. LT . 

1 -.23 

1 -.22 

j 



Correlations of 0 11 are more than three times their probable errors, those of 0.14 more than four times, 
those of 0.17 more than five times, those of 0.31 more than ten times, those of 0.43 more than fifteen times, 
and correlations of more than 0.51 are more than twenty times their probable errors. 


The correlations between expansion and breadth of kernel and 
between expansion and thickness of kernel are all small, particularly 
those of the latter group. 

DISCUSSION 

Of the characters studied, the proportion of soft starch seems to be 
the outstanding determining influence. Sectioning kernels from 
each individual ear is rather tedious, and it requires experience to 
estimate with accuracy the relative amounts of soft starch. The 
high correlation between starchiness and size of kernel, however, 
may serve as a rough guide to eliminate many of the ears having the 
softest kernels. Growers frequently have a tendency to select large 
seed ears, which usually have kernels above the average in size and 
starchiness and may represent a more or less distant contamination 
with field com. This practice should be avoided if quality is to 
be maintained. 
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The fact that the results of the two experiments here reported, 
made with samples from different varieties, confirm each other so 
closely lends support to the view that the relationships are of a 
general nature and are not limited to the varieties here considered. 
It should not be overlooked, however, that although some of the 
correlations are high the multiple correlation between expansion and 
all the kernel characters combined was only 0.731. The associations 
between kernel characters and popping expansion should be a valu¬ 
able aid in selection of pop corn for seed, but they can not entirely 
replace a popping test of prospective seed ears as a means of crop 
improvement. 

SUMMARY 

In pop corn a moisture content of about 12 per cent is optimum 
for greatest expansion in popping. 

Within a given variety, those ears bearing kernels with the least 
soft starch are likely, on the average, to give the largest expansion in 
popping. 

Similarly, those ears having smaller kernels are more likely to give 
a higher expansion on popping than those with larger kernels. 

Study of these kernel characters should be a valuable aid in select¬ 
ing seed to maintain and improve the popping quality of a strain of 
pop com, although it can not wholly supplant an actual popping test 
of individual ears. 



THE RELATIVE ASSIMILATION BY DAIRY COWS OF 
CLOVER AND ALFALFA HAYS AND OF RATIONS OF 
DIFFERENT CALCIUM AND PHOSPHORUS CONTENT 1 


By William A. Turner, Associate Chemist , T. Swann Harding, Assistant 
Chemist , and Arthur M. Hartman, Assistant Chemist, Dairy Research Labor¬ 
atories, Bureau of Dairy Industry, United States Department of Agriculture 

INTRODUCTION 

The role of the Ca/P ratio in the diet as a cause of rickets or oste¬ 
oporosis in rats has been the subject of considerable investigation. 
Park ( 6 ) 2 has reviewed the literature bearing on this point. It has 
been shown that excessive amounts of either calcium or phosphorus 
in the ration will produce rickets. When both are present in about 
equal and sufficient quantities and the other components of the ration 
are satisfactory, rickets does not develop. 

It has seemed likely that an unbalancing of the Ca/P ratio in the 
rations of dairy cows might lead to poor assimilation of calcium and 
phosphorus and a condition of osteoporosis, as indicated by negative 
balances. In the usual feeding practice no thought is given to the 
relative amounts of calcium and phosphorus in the feeds. Although 
the calcium and phosphorus contents of feeds vary somewhat, it is 
possible that some attention given to this point may result in improved 
animal nutrition. It was with the idea of investigating this possi¬ 
bility that the present work was undertaken, it being thought that 
the investigation of the assimilability of the calcium and phosphorus 
of alfalfa and clover hays would be both interesting and profitable. 

COWS USED 

The experiments were conducted in an attempt to learn whether 
there is a difference in the degree of assimilability by dairy cows of 
(1) the calcium and phosphorus of clover and alfalfa hays and (2) 
the calcium and phosphorus in diets in which the ratio Ca/P is varied. 
Three cows were used for the work. Cow 253, a purebred Holstein, 
was used in both experiments. The other cows, 412 and 441, were 
purebred Jerseys. Uow 412 was to have been used throughout both 
experiments; but since much difficulty was experienced in inducing 
her to consume her ration, she was replaced in the second experi¬ 
ment by cow 441. The cows were approximately 7 years old and had 
just finished a year’s official test for milk production about four 
months previous to the beginning of the experiment. In the interim 
all the cows had calved and were therefore at their highest plane of 
milk production. They had had no pasture or green feed for more 
than a year before* the experiment w r as begun. 


1 Received for publication July 14, 1927; issued November, 1927. 

2 Reference is made by number (italic) to “Literature cited , 1n p. 635. 
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FEEDS USED 

During the first experiment the cows received grain mixture 75, 
consisting of 40 kgm. wheat bran, 40 kgm. corn meal, 20 kgm. linseed- 
oil meal, and 1 kgm. salt. In addition to the grain, they received as 
roughage during the first three weeks a well-cured clover hay grown 
on the "dairy experiment farm at Beltsville, Md. The clover was cut 
May 26, 1925, in the early stage of maturity and was fed in March, 
1926. During the latter half of the first experiment alfalfa hay was 
substituted for clover. This alfalfa hay was a baled product received 
from Kansas City on March 30, 1925, and fed in April, 1926. It had 
therefore been at the farm for more than a year before it was used, 
and as it was received at Beltsville in early spring it was probably 
cut six to nine months before it was shipped. It appeared to be of 
good quality, but nothing is known regarding its curing. Both hays 
were chopped and sacked before use. 

During the second experiment the cows received grain mixture 160, 
a feed of low phosphorus content, consisting of 10 kgm. corn meal, 
20 kgm. corn gluten feed, 40 kgm. linseed-oil meal, 30 kgm. ground 
oats, and 1 kgm. salt. The same lot of alfalfa hay used in the first 
experiment was fed throughout the second experiment. During the 
last three weeks of the second experiment sodium phosphate was 
added to the grain in sufficient amount to obtain a value of about 1.25 
for the Ca/P ratio in the ration. Monosodium phosphate was fed 
May 26 to 31 and June 4 to 8, and disodium phosphate was fed the 
remainder of the time. 

EXPERIMENTAL METHODS 

With the exception of the phosphorus determination, the methods 
of analysis used in these experiments were the same as those employed 
in previous work in this laboratory (5, 4, 5). Instead of the tedious 
gravimetric method for phosphorus used in previous experiments at 
Beltsville, the colorimetric method, as recently modified by Roe, 
Irish, and Boyd (7), was employed. However when a pure sodium 
phosphate solution was used as a standard for comparison, it was 
not found possible to obtain correct results by this method, since the 
different concentrations of salts and acids in the various materials 
analyzed apparently affected the depth of color obtained. For each 
particular type of material to be analyzed, therefore (feces, milk, 
grain, or hay), a solution of a sample of that material on which a 
gravimetric determination had already been made, was used as the 
standard for colorimetric comparison of the other samples of the 
same type. This was found to give very satisfactory results and to 
effect a considerable saving of time. 

The details of the experimental routine were much the same as 
those described in a former publication of this bureau (J), The feces 
and urine were collected automatically. The samples were preserved 
in the same manner as formerly. The feeding and the collection 
periods were computed in the same manner; that is, the feeding 
periods preceded by two days the collection periods in order to com¬ 
pensate for the lag in elimination of excreta. Tap water was furnished 
the cows by automatic drinking cups, which were filled from indi¬ 
vidual storage tanks over each stall, The daily intake of water was 
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recorded, the average of which varied from 47 liters in March for 
cow 412 to 80 liters in June for cow r 253. As 1 liter of tap water was 
found to contain only 2 mgm. of calcium the effect of the water on 
the total calcium intake was regarded as insignificant. Throughout 
the experiments the cows were confined in a barn without exposure 
to sunlight. A self-recording thermometer gave information in 
regard to temperature, the variation of which was from 44° to 85° F. 
during the experiments. The daily rations of hay and grainwere 
given about 2 p. m. and 5 a. m. 

EXPERIMENTAL DATA 

The percentage composition of the feeds used throughout the 
experiments is shown in Table 1. The amounts of feeds consumed 
are given in Table 2 and the percentage composition of the milk in 


Table 1 . —Composition of feeds as fed in both experiments 


Period 


Peed 


Mar 17-Apr 6. 
Apr. 7-May 4.. 
May 5-June 13.. 

June 14-15. 

Mar. 17-Apr 6. 

Apr. 7-22_ 

Apr. 23-May 4. 

May 5-25_ 

May 26-June 15 


Clover hay. 

Alfalfa hay (I) _ 

_do. 

Alfalfa hay (II) 

Grain 75 (Ij- 

-do. ... 

Grain 75 (II)_ 

Grrain 160.. 

.do. 


h 2 o 

; ! 

Ca 


N 

Per cent 

Per cent 

Per cent 

Per cent 

12.70 

1.384 

0.153 

1 903 

12.04 

1.532 

.172 

2.654 

i 12.86 

1.518 

.171 

2 629 

9 93 

1.275 1 

.237 

2.721 

, 12.71 

.0995 

.745 

2.574 

i 12 23 

.100 

.749 

2.588 

' 12.93 

.0805 

.535 

2.273 

t 9 74 

.308 

.524 

3.812 

1 10 12 

.306 

.522 

3.796 


Table 2. —Feed records of the cows used in both experiments 


i 

Cow 253 I Cow 412 


Week 

Grain 

offered 

Hay 

offered 

! 

Feed refused 

Grain 

offered 

Hay 

offered 

Feed refused 


Kgm. 

Kqm. 

Kgm. 

Kgm. 

Kgm. 

Kgm. 

Mar 17-23... 

56 0 

42.0 

0.5 hay. 

55.9 

39 

8.16 hay and grain. 

Mar. 24-30. 

60.2 

46.2 

0.4 hay. 

45.5 

34 

0.8 hay. 

Mar. 31-Apr 6 ___ 

63 0 

49.0 

3.6 hav and grain. 

53.2 

35 

0.6 hay. 

Apr. 7-13 

57.6 

53.2 

None.. 

49.4 

30 

None. 

Apr. 14-20. 

60.2 

53.2 


51.2 

35 

Bo. 

Apr. 21-27.. 

59 2 

53.2 

.do. 

34.2 

35 

Bo. 

Apr 28-May 4 

60 2 

53 2 

.do... 

41.4 

35 

Bo. 





i 

I 

C< 

>w 441 

May 5-11. 

55.9 

53.2 

■ None.. 

1 

56 

I 54.5 

I None. 

May 12-18. 

60.2 

53.2 

1 .do. 

I 56 

56 

i Bo. 

May 19-25. 

60.2 

56.0 

.do. 

1 56 

56 

; Bo. 

May 26-June 1. _ 

56 0 

56.0 

.do..- 

56 

' 56 

: Do. 

June 2-8 __ 

56 0 

56.0 

1 _do.. 

! 56 

1 55 

, Bo. 

.Tnne 9-15 _ _ _ __ 

56.0 

56.0 

1.do. 

! 56 

I 56 

Bo. 





1 

I 
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Table 3. —Average daily composition of milk from cows used in both experiments 


Week 


Cow 253 

Cow 412 

Ca 

P 

N 

Ca 

p 

N 


Per 

Per 

Per 

Per 

Per 

Per 


cent 

cent 

cent 

cent 

cent 

cent 

Mar. 19-25....-. 

0.105 

0.091 

0. 475 

0.145 

0.119 

0.603 

Mar. 26-Apr. 1_._.....„ 

.104 

.089 

.454 

.146 

.119 

.601 

Apr. 2-8. 

.106 

.088 

. 435 

.141 

.119 

.602 

Apr 9-15.....-. 

. 101 

.091 

.468 

. 140 

.114 

.584 

Apr. 16-22....... 

.101 

.090 

.457 

.142 

. 117 

.620 

Apr. 23-29.—.... 

.100 

.092 

.457 

i .138 

. 115 

.595 

Apr. 30-May C.. .. 

.098 

.093 

.476 

| .141 

! 

.118 

.606 





Cow 441 

May 7-13..... 

.093 

.092 

.474 

0.148 

0.123 

0.657 

May 14-20....... 

.096 

.091 

.481 

.147 

.124 

.666 

May 21-27...... 

.096 

.091 

.485 

.145 

.120 

.662 

May 28-June 3..... 

.097 

.092 

.484 

. 145 

.119 

.666 

June4-10.... _ _ 

.097 

.095 

.481 

. 148 

. 123 

. 691 

June 11-17..... 

.097 

.093 

.483 

.145 

. 122 

.684 


On March 12, 1926, cows 253 and 412 were placed in metabolism 
stalls. Cow 253 weighed 513 kgm. at the beginning of the experiment 
and 507 kgm. at the end. Cow 412 weighed 481 kgm. at the beginning 
of the experiment and 426 kgm. at the end. The experiment ter¬ 
minated on May 6. The records of balances and assimilations are 
presented in Tables 4 and 5. 

The second experiment followed immediately. In anticipation of 
replacing cow 412 by cow 441, the latter was placed in a metabolism 
stall on May 5, and both cow 253 and cow 441 were given the ration 
which they were to receive in the second experiment. Cow 253 
weighed 507 kgm. at the beginning of the experiment and 501 kgm. at 
the end. Cow 441 weighed 518 kgm. at the beginning of the experi¬ 
ment and 517 kgm. at the end. The experiment terminated on June 
17. The results of the experiment are given in Tables 6 and 7. 
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By using a method adopted in a former paper (5), the body losses 
and gains of calcium and phosphorus for each cow are shown graphi¬ 
cally in Figure 1. Each cow is assumed to have 7,000 gm. of calcium 
and 3,255 gm. of phosphorus in her bones at the beginning of the experi¬ 
ment. The record of cow 253 is shown as a continuous graph through¬ 
out both experiments, whereas the graphs for the other animals are 
shown only for the experiment in which they were used. It is appar¬ 
ent that in the beginning of the clover and alfalfa experiment both 
cows showed a fairly rapid loss of both calcium and phosphorus, 
followed by a slower steady loss. In the low and high phosphorus 

ZO£> 



tv £ £ /r s 

Fig. 1.—Curves showing the losses and gains of calcium and phosphorus by cows during the experi¬ 
ments. The solid line represents the change in the calcium content in the body; the broken line 
the change in the phosphorus content 

experiment the results were quite different. The losses in the be¬ 
ginning were followed by gains, and at the end of the experiment both 
animals had more calcium and phosphorus in their bodies than at the 
beginning. 

DISCUSSION 

Cow 253 shows negative calcium and phosphorus balances through 
practically all the first experiment. The negativity of the calcium 
balance is reduced more than one-half, however, by substituting 
alfalfa for clover. The assimilation also shows a very decided im¬ 
provement in the alfalfa period. The differences in the phosphorus 
balances and assimilations are not so marked, although they show a 
tendency in the same direction. These improved balances and 
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assimilations are accompanied by an increased milk yield. The 
nitrogen balances show that the cow suffered no digestive disturb¬ 
ance. Cow 412 likewise showed negative calcium and phosphorus 
balances through the greater part of the experiment. There was a 
general improvement in the character of her balances and assimila¬ 
tions in the alfalfa period, although her milk yield dropped somewhat. 
Considerable difficulty was encountered in inducing her to consume 
an adequate ration. The character of her nitrogen balances, three 
of which were negative, shows a somewhat disturbed digestive con¬ 
dition. Both cows assimilated a greater proportion of calcium dur¬ 
ing the alfalfa period in spite of the fact that the calcium intake 
was greater. 

It would appear from this experiment that calcium is better as- 
simulated by dairy cows in the form of alfalfa than in the form of 
clover. Apparently both hays were of good quality although the 
alfalfa when fed was probably a year older than the clover. It is not 
known what factor facilitates the assimilation of calcium from alfalfa. 
Whether it is the fat-soluble vitamin or some other unsuspected 
factor is a matter of speculation. In a recent publication from this 
laboratory it was shown that alfalfa contains citric, malic, and malonic 
acids (<§). Possibly the presence of these acids exerts a favorable 
effect on the assimilability of calcium. The expressed juice of green 
alfalfa has a P H of 5.28. 3 It has been reported that a rickets-producing 
diet can be changed into a nonrickets-producing diet by increasing 
the acidity (6). 

In the second experiment, where the phosphorus content of the 
ration was varied, cow 253, except during one week, showed positive 
calcium balances throughout. Calcium balances and assimilations 
were decidedly better in the high phosphorus period. The phos¬ 
phorus balances were negative in the low phosphorus period and 
positive in the high phosphorus period. The phosphorus assimilation 
was larger also in the high phosphorus period and the pei’centage 
assimilation, even with a doubled phosphorus intake, remained con¬ 
stant. The nitrogen record indicates that the cow’s digestion was 
normal. The performance of cow 441 was less noteworthy. Her 
calcium balances and assimilations were slightly poorer on the high 
phosphorus ration. Her phosphorus balances and assimilations were 
better, how T ever, in the high phosphorus period, and the percentage 
assimilations, with a doubled phosphorus intake, remained constant. 
The nitrogen record shows that her digestion was normal. 

Apparently cows can assimilate calcium and phosphorus when the 
Ca/P ratio in the feed is as high as 2.5, but a more favorable value for 
this ratio is probably from 1.0 to 1.5. 

It is worthy of note that in this second experiment positive calcium 
and phosphorus balances have been obtained with a cow receiving a 
ration of alfalfa hay and a good grain mixture and yielding 19 kgm. 
of milk daily. So far as the authors know, such a performance has 
not previously been noted for a cow on so simple a ration. Hart (1 ) 
found that a cow could be kept in positive calicum balance while on 
a ration of good alfalfa hay, corn silage, and grain, and yielding about 
19 kgm. of milk. He (f, IS) also succeeded in obtaining positive cal¬ 
cium balances with cows on rations containing green feed. But the 


3 Unpublished data obtained at this laboratory. 
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great majority of calcium balances which have been determined in 
cows giving large amounts of milk on winter feeds have been negative. 

The writers’ observations on balance experiments lead them to 
believe that three conditions are important for insuring equilibrium or 
a positive balance in dairy cows in respect to calcium and phosphorus. 

1. A sufficient quantity of calcium and phosphorus must be sup¬ 
plied in the ration. 

2. The calcium and phosphorus should be supplied in about equal 
quantities. The amount of calcium probably should not exceed the 
amount of phosphorus by more than 50 per cent. 

3. The calcium should be supplied as a constituent of natural 
feeds in a ration including a good quality of legume hay, preferably 
alfalfa, and a good grain mixture. 

SUMMARY 

Metabolism experiments with two lactating cows show a better 
assimilation of calcium and phosphorus from alfalfa hay than from 
clover hay. 

Metabolism experiments involving the use of rations where the 
content of phosphorus was increased by the addition of sodium phos¬ 
phate suggest a better assimilation of calcium and phosphorus when 
the value of the Ca/P ratio of the feed is 1.25 than when it is 2.5. 

Positive calcium and phosphorus balances have been observed in 
the case of a cow on a ration of good alfalfa hay and a good grain 
mixture and yielding 19 kgm. of milk. 
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THE EFFECT OF INANITION UPON THE YIELD AND 
COMPOSITION OF COWS’ MILK 1 


By O. R. Overman and K. E. Wright, Department of Dairy Husbandry , Uni¬ 
versity of Illinois 

INTRODUCTION 

Very little work has been reported on the effect of inanition upon 
the yield and composition of milk. Only one record was found in 
the literature of an inanition period as long as 48 hours. Several 
investigators report upon the effects of underfeeding. Lami (2 ) 2 
starved a cow for 36 hours and at the end of the starvation period 
found increases in the percentages of total solids (13.6 to 14.3 per cent) 
and. in nitrogenous matter and ash (4.2 to 6.25 per cent.) He found 
a slight reduction in fat (4.4 to 4.15 per cent) and a decided reduction 
in lactose (5 to 3.9 per cent). 

Eckles and Palmer (. 1) studied the influence of underfeeding upon 
the milk of a number of cows. They found that high fat tests 
uniformly accompanied underfeeding, that there was no uniform 
effect on the percentages of the other milk components, and that 
the percentage of fat was not affected in any of the experiments. 

Porcher (4) states that starvation for two days showed no appreci¬ 
able injury to the milk. 

Ragsdale and Swett (5) showed that a sudden reduction of the 
total amount of feed to one-half the normal amount increased the 
percentage of fat and decreased the amount of milk produced. 

Taylor and Husband (6), in their study of the effect of variations 
in the nature of the diet upon the percentage composition of the milk 
of the goat, state that (1) the percentages of protein, fat, and ash 
vary inversely and the percentage of lactose varies directly as the 
daily volume, the greatest variation being shown by the fat and the 
least by the inorganic elements; (2) there is an inverse relationship 
between the percentage of lactose and the percentages of all the other 
constituents of the milk, this being particularly apparent in the 
case of the fat. They suggest that the quantity of lactose elaborated 
by the mammary glands controls the daily volume of the milk, and 
that, therefore, the rate of its elaboration controls the rate of milk 
secretion. 

The present study was undertaken to learn the effect of total 
absence of feed upon the yield and the composition of the milk 
produced. 

DESCRIPTION OF ANIMALS USED 

Three cows, Nos. 1, 11, and 742, were used in this investigation. 
These cows, while in the experimental herd of the dairy department 
at the University of Illinois, gave a positive reaction to the tuberculin 
test and were isolated from the herd until slaughtered. 


i Received for publication May 31, 1927; issued November, 1927. Presented before the division of bio¬ 
logical chemistry at the seventy-third meeting of the American Chemical Society, Richmond, Va., Apr, 
11 to 16, 1927. 

3 Reference is made by number (italic) to u Literature cited,” p. 644. 
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Cow No, 1, born October 4, 1923, was predominantly Holstein, 
probably less than one-quarter Guernsey. She calved March 10, 
1926, and was in her first lactation during this investigation. She 
was bred May 27, 1926. 

Cow No. 11, born May 12, 1921, was a high-grade Holstein. She 
calved December 11, 1925, and was in her third lactation. She was 
due to calve February 27, 1927. Cows Nos. 1 and 11 were con¬ 
demned for slaughter August 11, 1926, following a positive reaction 
to the tuberculin test. The latest previous test, January 26, 1926, 
had given negative results. 

Cow No. 742, born December 10, 1922, was a second generation 
Guernsey-Holstein cross. She calved January 13, 1927, for her 
second lactation. She was condemned February 15, 1927, following 
a positive reaction to the tuberculin test. The latest previous test, 
December 15, 1926, was negative. 

The cows were in good flesh at the beginning of the investigation 
and were apparently in good physical condition. Post-mortem 
examinations by competent veterinary clinicians showed very slight 
glandular lesions and that tuberculosis was present only in its early 
stage. 

EXPERIMENTAL PROCEDURE 

The cows were given their customary feed and care during a 10-day 
preliminary period and were milked regularly twice each day at 
about 6 a. m. and 6 p.m. During this period three composite samples 
of milk were taken for each cow. * The first sample represented all the 
milk produced during the first four days. The second and third 
samples each represented all the milk produced in successive three- 
day periods. Following the preliminary period the cows were given 
water but no feed. The inanition period continued five days for 
cow No, 11 and six days for cows Nos. 1 and 742. The treatment of 
the animals, except for the absence of feed, was precisely the same as 
during the preliminary period. 


Table 1 . —Composition of milk from cow No. 1 preceding and during the inanition 

period 


Date (1920) 

Milk 

yield 

Total 

solids 

Fat 

Pro¬ 

tein 

Lac¬ 

tose 

(grav¬ 

ity) 

Ash 

Specific 

gravity 

Total 

solids 

Fat 

Pro¬ 

tein 

Lac¬ 

tose 

Ash 


Lbs 

P. ct. 

P. ct. 

P.ct. 

P. ct. 

P. ct. 


Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Oct. 25 a . 

M3.4 

12.63 

4. 03 

3 27 

4.40 

0. 706 

1.0342 

1.6924 

0.5400 

0 4382 

0.5896 

0.09460 

Oct. 28 c . 

d 13.3 

12. 94 

4 22 

3. 24 

Lost. 

.708 

1.0356 

1 . 7210 

.5613 

. 4309 

Lost. 

. 09416 

Oct. 31 *. 

d 13.5 

12.94 

4,14 

3. 32 

4.47 

.710 

1.0297 

1 7469 

. 5589 

.4482 

. 6035 

. 09666 

Oct. 31, p.m_. 

13.1 

12.72 

4. 02 

3.30 

4.35 

.712 

1.0305 

1. 6663 

.5266 

.4323 

. 5699 

.09327 

Nov. 1, a. m— 

10.6 

12.64 

4. 02 

3.24 

4.30 

. 73S 

1.0293 

1.3398 

.4261 

.3434 

.4558 

.07823 

Nov. 1, p. m_- 

4.4 

16.28 

7.53 

3 85 

3.80 

.803 

1.0277 

.7163 

.3312 

.1694 

.1672 

. 03533 

Nov. 2, a. m_ 

3.3 

18.04 

8.70 

3.50 

3.10 

.930 

1. 0283 

.5953 

.2871 

.1155 

.1023 

. 03069 

Nov. 2, p. m-- 

2.0 

23.12 

13.34 

4 97 

2 . 60 

1.063 

1.0290 

.4624 i 

.2668 

.0994 

. 0520 

. 02126 

Nov. 3, a. m_. 

1.5 

23. 79 

13.94 

5. 62 

2, 04 

1.197 

1.0286 

.3569 

. 2091 

.0843 

. 0306 

. 01796 

Nov. 3, p. m-J 

.7 

25.41 

15.17 

5 72 

1 . 60 

1.207 

1.0271 

. 1779 

.1062 

.0400 

.0112 

. 00845 

Nov. 4, a. m--I 

.9 

26.14 

14.36 

6.80 

1.50 

1.115 

1.0286 

.2353 

.1292 

.0612 

.0135 

.01004 

Nov. 4, p. m-_ 

. 7 

24.18 

13.77 

6.23 | 

1.77 

1.112 

1.0271 

.1693 

.0964 

.0436 

.0124 

. 00778 

Nov. 5, a. m._ 

. 7 

26 22 

14.91 

6.41 

1.83 

1.114 

1.0250 | 

.1835 

.1044 

.0449 

.0128 

. 00780 

Nov. 5, p. m_- 

.5 

28.83 

18 23 

6.96 

1.55 

1.097 

1.0275 

.1442 

.0912 

.0348 

.0078 

. 00548 

Nov. 6, a. itu- 

.9 

30.17 

19.15 

7.09 

1.70 

1 

1.078 

. 0265 

. 2715 

.1724 

.0638 

.0153 

. 00970 


a A composite sample made by taking proportional amounts from the milk produced at each milking for 
4 days. 

4 Average milk yield per milking for 4 days. 

c Composite samples made by taking proportional amounts from the milk produced at each milking for 
3 days. 

d Average milk yield per milking for 3 days. 
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All samples were analyzed for percentages of total solids, fat, total 
protein, lactose, and ash. The methods of analysis employed by 
the Association of Official Agricultural Chemists were used, except 
that about 5 gm. of sample were employed for the fat determination 
by the Roese-Gottlieb method, and about 10 gm. of sample and 3 c. c. 
of strong nitric acid were used in the ash determination. The lactose 
was determined by the reduction method, the cuprous oxide being 
weighed directly. The specific gravities were taken at 20° C. with 
a chainomatic specific gravity balance. 

The results obtained, including milk yields, percentages of total 
solids, fat, protein, lactose, and ash, and the yields of the components 
of the milk, are given in Tables 1, 2, and 3, and are graphically 
represented in Figures 1, 2, 3, and 4. 

Table 2. —Composition of milk from cow No. 11 preceding and during the inanition 

period 


1 

1 

Date (1926) 

! 

Milk 
! yield 

Total i 
solids j 

i 

| Fat 

' Lac- 
Pro- ! tose 
tein I (grav¬ 
ity) 

Ash 

| 

Specific! 
gravity j 

Total 

solids 

1 

Fat 

i 

Pro- ! 
tein 

Lac¬ 
tose i 

l 

Ash 

1 

Lbs. 

P. ct. 

i P.ct 

i 

P.ct. I 

P.ct. 

P. ct. ; 


Lbs i 

Lbs. 

Lbs. i 

Lbs. 

Lbs. 

Oct. 25 a .. 

b 12.9 

12 83 

; 3.93 

i 3.48 ; 

4.45 

0.748 ! 

1.0351 | 

1.0551 

0.5070 

0.4489 ! 

0.5741 

0. 09649 

Oct. 28 * . 1 

d 13.3 

12.86 

i 3.46 

3.41 1 

Lost. 

.731 i 

1.0348 1 

1.7104 

.4602 

.4535 

Lost. 

.09722 

Oct. 31 c . 1 

<*13.9 

12.90 

3.84 

3.49 ! 

4. 56 

.740 

1.0301 ) 

1.7931 

.5338 

.4851 

1 . C338 

i .10286 

Oct. 31, p. m__. 

13.3 

12.70 ! 

3.75 

3.53 s 

4. 50 

.729 

1.0331 j 

1. 6891 

| .4988 

.4695 

i .5985 ! 

1 .09696 

Nov. 1, a. m__J 

11.8 1 

13.04 

4.00 

3.47 | 

4.45 

.698 

1.0298 . 

1. 5387 

. 4720 

.4095 

j .5251 

| .08236 

Nov. 1, p. m__- 

6.7 

14 49 

5.28 

3.50 

4.15 

.756 

1.0311 i 

.9708 

. 353S | 

.2345 

! .2781 

| .05065 

Nov.2, a.m__J 

1 4. S 

16.92 

7.22 

4.30 | 

3.68 

.893 

1.0290 j 

i .8122 

.3466 | 

.2064 

| .1766 

; .04286 

Nov. 2, p.m__. 

3.1 

21 08 

10.09 

5.77 

2. 82 

1.129 

1.0341 

i . 6535 

.3128 1 

.1789 

| .0874 

1 .03500 

Nov. 3, a. m... 

2.6 

21.9S 

10.67 

6.14 

2.77 

1.220 

1.0351 | 

. 5715 

I .2774 

.1596 

i .0720 

I .03172 

Nov. 3, p. m___j 

2.5 

21.38 

10.07 

6.37 

2.62 

1.177 

1. 0335 

.5345 

i .2518 

.1593 

i .0655 

; .02942 

Nov. 4, a.m__J 

2.2 

23.49 

11.80 

6.59 

2.62 

1.086 

1.0306 

.5168 

; .2596 

.1450 

i .0576 

.02389 

Nov. 4, p. m.__; 

2.3 

23 90 

12.38 

6.80 

! 2.70 

1.274 

1.0342 

.5497 

! .2847 

.1564 

.0621 

! .02930 

Nov. 5, a.m.__ 

L# ; 

26.48 

14.88 

6.88 

! 2.55 

! 

1. 225 

1.0294 

1 

. 4237 

.2381 

.1101 

.0408 .01960 

j 


a A composite sample made by taking proportional amounts from the milk produced at each milking for 
4 days. 

b Average milk yield per milking for 4 days. 

c Composite samples made by taking proportional amounts from the milk produced at each milking for 
3 days. 

d Average milk yield per milking for 2 days. 

Table 3. —Composition of milk from cow No. 742 preceding and during inanition 

period 


Date (1927) 

Milk 

yield 

Total 

solids 

Fat 

Pro¬ 

tein 

Lac¬ 

tose 

(grav¬ 

ity) 

Ash 

Specific 

gravity 

Total 

solids 

Fat 

Pro¬ 

tein 

Lac¬ 

tose 

Ash 

Feb. 21«. 

Lbs. 

*20.5 

Pet. 
14.19 

Pet. 

5.27 

Pet.. 

3.06 

Pet. 

4.64 

Pet. 

0.717 

1.0307 

Lbs. 

2.9090 

Lbs 

1.0S04 

Lbs. 

0.6273 

Lbs. 

0.9512 

Lbs. 

0.14698 

Mar. 1®. 

<*21.8 

13.16 

4.28 

3.00 

4 87 

.688 

1.0302 

2.8689 

.9330 

.6540 

1.0617 

.14998 

Mar. 4 c. 

<*22.6 

12.96 

4.18 

2.93 

4. SO 

.673 

1.0298 

2 9290 

.9447 

.6622 

1.084S 

.15210 

Mar. 4 p. m„. 

22.1 

12.74 

4.15 

2.84 

4.76 

.642 

1.0300 

2.8155 

.9172 

.6276 

1.0520 

.14188 

Mar. 5 a. m__. 

22.9 

13.22 

j 4.69 

2.73 

4.55 

.649 

1.0259 

3.0274 

1.0740 

.6252 

1.0420 

.14862 

Mar. 5 p. m.~ 

12.6 

17.54 

9.23 

2.99 

4.60 

.726 

1.0244 

2.2100 

1.1630 

.3767 i 

.5796 

.09148 

Mar. 6 a. xn_; 

9.3 

20.00 

11.57 

3.40 

3,72 

.804 

1.0251 

1.8600 

1.0760 

.3162 ; 

,3460 

.07477 

Mar. 6p. m... 

8.0 ! 

IS. 22 

9.56 

3 18 

3.80 

.790 

1.0247 

1.4576 

.7648 

.2544 

.3010 

.06320 

Mar. 7 a. m___ 

7.6 

18.22 

9.72 

3.30 

3.7S 

.782 ! 

1.0219 

1 3847 

,7387 I 

.2508 

.2873 

.05943 

Mar. 7 p. m-„- 

7.1 

17.32 i 

8.74 

3.35 

3.72 

.828 : 

1.0274 

1.2297 

.6205 ! 

.2378 

.2641 ! 

.05879 

Mar. 8 a. m_ 

4.8 

19.17 j 

10.28 

3. 53 

3.66 

.906 

1.0245 

.9202 

.4934 

.1694 

.1757 

.04349 

Mar. 8 p. m__. 

7.2 

16.66 

8.32 

2.98 

3.83 

.762 | 

1.0271 

1.1995 

.5990 

.2146 

.275S 

.05486 

Mar. 9 a.m... 

9.1 

17.74 

9.69 

2.75 

3.93 

.676 

1.0243 

1.16143 

1 .8818 

.2502 

.3576 

.06152 

Mar. 9 p. m„- 

7.4 

18.44 

10.11 

3.04 

3.79 

.781 

1.0226 

1.3646 

i .7481 

.2250 

. 2805 

.05779 

Mar. 10 a. m_— 

.5 

19.06 

10.18 

3.34 

4.07 

.829 

1.0214 

.0953 

| .0509 

1 

,0167 

.0204 

.00414 


« A composite sample made by taking proportional amounts from the milk produced at each milking for 


ua-ya. 

& Average milk yield per milking for 4 days. 

« Composite samples made by taking proportional amounts from the milk produced at each milking for 
days. 

* Average milk yield per milking for 3 days* 
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RESULTS 

The milk yield and the content of the various components showed 
only the normal fluctuations during the preliminary feeding period. 
However, after the beginning of the inanition period, the yield of 
milk dropped very rapidly and marked changes in the composition 
were found. Cow No. 1 produced an average of 13.4 pounds of 
milk per milking during the preliminary period. After three days 
without feed her production had dropped to less than 1 pound per 
milking and varied from 0.5 to 0.9 of a pound each milking during 



Pig 1 .—Milk yields and percentages of solids preceding and drning inanition period 

the remainder of the period. The percentage composition of her 
milk also changed very radically. The total solids increased from 
an average of 12.82 per cent during the preliminary period to 30.17 
per cent for the last milking during inanition. The fat increased 
from an average of 4.12 to 19.15 per cent; the protein from an aver¬ 
age of 3.28 to 7.09 per cent; the ash from an average of 0.710 to 1.207 
per cent in the seventh milking during inanition. In the remaining 
five milkings the ash varied between 1.078 and 1.115 per cent. The 
lactose averaged 4.43 per cent for seven days of the preliminary period 
(this determination on the second composite sample was lost) and de¬ 
creased to 1.6 per cent in the seventh milking of the inanition period. 
It varied from 1.50 to 1.83 per cent in the remaining five milkings. 
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The trend of the production and of the composition of the milk 
was the same for cow No. 11 as for cow No. 1. The milk yield 
decreased from an average of 13.3 pounds per milking during the 
preliminary period to 2.6 pounds at the end of three days’ inanition, 
and decreased slowly through the remaining four milkings. The 
percentage of total solids increased from an average of 12.86 to 
26.48 per cent; fat from 3.76 to 14.88 per cent; protein from 3.46 to 
6.88 per cent; and ash from 0.740 to 1.274 per cent. The lactose 



Fig. 2.—Percentages and yields of milk components for cow No. 1, preceding and during inanition 

period 


averaged 4.50 per cent during 7 days of the preliminary 10-day 
period, and decreased to 2.55 per cent during inanition. 

The analyses of the milk samples from cow No. 742 showed much 
less variation than for the other two cows.^ The milk yield decreased 
from an average of 21.5 pounds per milking during the preliminary 
period to 8 pounds at the end of three days’ inanition, and fluctuated 
between 4.8 and 9.1 pounds during the next six milkings. During 
the last 12 hours of inanition only 0.5 pound of milk was produced, 
while during the preceding 12 hours the production was 7.4 pounds. 

70354—27-5 
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The percentage of total solids increased from an average of 13.49 to 
a maximum of 19.06; and the fat increased from an average of 4.63 
to a maximum of 11.57 per cent at the beginning of the third day 
of inanition and fhictuated between 8.32 and 10.28 per cent during 
the remainder of the inanition period. The protein averaged 3.01 
per cent during the preliminary period and varied between 2.73 and 
3.53 per cent during inanition, without showing any regular increase. 
The lactose decreased from an average of 4.76 per cent in the pre¬ 



liminary period to 3.66 per cent for the eighth milking during inani¬ 
tion, then increased slightly, varying from 3.79 to 4.07 per cent during 
the last four milkings. The value for the last milking (4.07 per cent) 
is, however, decidedly below the preliminary average for this cow. 
The ash content averaged 0.696 per cent during the preliminary 
period and for the most part was above this value during inanition, 
reaching for one milking a maximum of 0.906 per cent. 

The specific gravity of the milk tended tQ be lower during inanition 
than during the normal feeding period. 
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DISCUSSION 

The results obtained in this investigation show that inanition 
exerts a profound influence upon the yield and the composition of the 
miik of the dain* cow. As the milk production decreased the per¬ 
centage content of all the components except lactose increased. 
The increases in percentages of fat were greatest for cow No. 1 and 
showed a maximum of 4.65 times the average during the preliminary 
10-day feeding period. For cows Nos. 11 and 742, the increases 
were, respectively, 3.95 and 2.50 times the preliminary 10-day aver- 



Fig. 4.—Peieentages and yields of milk components for cow No. 742, preceding and during 

inanition period 


age. The maximum percentage of total solids for cow No. 1 was 
2.35 times the preliminary average. For cow r s Nos. 11 and 742, it 
was, respectively, 2.06 and 1.49 times the preliminary average. 
The maximum percentages of protein for the three cows were, respec¬ 
tively, 2.14, 1.99, and 1.17 times the preliminary average. The 
maximum percentages of ash were, respectively, 1.70, 1.72, and 1.30 
times the preliminary average. 

The lactose, however, decreased from an average of 4.43 per cent 
to a minimum which was 33.9 per cent of that value for cow No. 1. 
The corresponding values for cows Nos. 11 and 742, were, respectively, 
56.7 and 76.9 per cent of the preliminary average. 
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These changes in composition of milk, which were caused by lack 
of feed, agree with the observations of other investigators cited in 
the introduction to this paper. The reduction in the percentage of 
lactose also supports the statement made from this laboratory that 
the lactose content of milk is especially sensitive to physiological 
disturbances (S). As the quantity of lactose produced by the cows 
studied in this investigation decreased much more rapidly than did 
the volume of milk, it appears that the suggestion of Taylor and 
Husband (6) does not apply to cows subjected to inanition, since 
they state that the quantity of lactose elaborated by the mammary 
glands controls the daily volume of the milk, and that, therefore, the 
rate of its elaboration controls the rate of milk secretion. 

The reduction in the milk flow was less rapid and the variations in 
composition were less marked for cow No. 742 than for the other two 
cows. This may be explained by the fact that this cow had begun 
her lactation only a short time previous to the beginning of the 
investigation, while the other two cows were approaching the end 
of their lactations. This explanation is in accord with the belief of 
Eckles and Palmer (1, 69), that the milk flow of the cow is stimu¬ 

lated by two factors chemical and nervous. It is the opinion of 
these investigators that the chemical factor is more or less inde¬ 
pendent of the food supply and predominates for a period of time 
after parturition: and that the nervous factor is almost entirely de¬ 
pendent on the food supply and predominates or replaces the chem¬ 
ical stimulus after the lactation period has attained a certain stage. 

SUMMARY 

The composition of the milk of three cows subjected to inanition 
has been determined and has been compared with the composition 
of the milk of the same cows when kept under normal conditions 
just previous to the inanition period. 

It has been shown (1) that as the period of inanition progresses 
the milk flow decreases, the percentages of total solids, fat, protein, 
and ash increase, while the specific gravity and the percentage of 
lactose decrease, and (2) that the changes are not so marked when 
inanition occurs early in the lactation period. 
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PARADICHLOROBENZENE AS AN ANTHELMINTIC 1 


By G. Dikmans 

Parasitologist, Porto Rico Agricultural Experiment Station 
INTRODUCTION 

Para dichlorobenzene has in recent years become well known as an 
insecticide. It has been found to be very effective as a moth exter¬ 
minator (5), 2 and has been advocated as a valuable aid in controlling 
the peach tree borer. Some information is also available concerning 
its efficacy against external parasites of animals (1 ). 

. The chemical and physical properties of paradichlorobenzene are 
given by Duckett (8, p. 6), by Konantz (8), and by Sollmann (10). 
Concerning jts physiological properties, Duckett (8, p . 7), quoting 
from Francis and Fortescue-Brickdale (4, p . 89), says that “the 
benzene halogen derivatives have a slight odor, are insoluble in water, 
volatilize without decomposition, and are very stable. * * * 

Corresponding to their stability it is found that the halogen is not 
split off in the organism, and that they do not show T hypnotic prop¬ 
erties. * * * Chlorobenzene acts on the spinal cord to a greater 

extent than benzene.” 

According to Sollmann (10) nothing is known of the pharmacology 
of paradichlorobenzene. Duckett (8, p. 1) quotes Curschman as 
saying that poisoning of human beings by paradichlorobenzene 
through contact with the skin is impossible and that inhalation of the 
vapors of this product is perfectly harmless; and, furthermore, that 
paradichlorobenzene is harmful to human beings only in cases of 
internal application of large quantities, say from 30 to 40 grains. 

Sollmann (10) reports that dogs tolerated doses of paradichloro¬ 
benzene up to 15 gm. without showing any ill effects, but he does not 
consider the drug very effective as an anthelmintic. 

Experiments at the Porto Rico Agricultural Experiment Station 
were undertaken to determine the anthelmintic value of paradichloro¬ 
benzene, especially against the hook-worm. 

EXPERIMENTAL DATA 

Paradichlorobenzene was administered to dogs (1) as crystals in 
gelatin capsules in doses of 0.1, 0.3, 0.5, and 1 gm. per kilo of body 
weight; (2) dissolved in liquid petrolatum or in olive oil, in doses of 
1 gm. per kilo of body weight; (3) as crystals in gelatin capsules in 
doses of 0.5 and 1 gm. per kilo of body weight, followed an hour later 
by an ounce of liquid petrolatum or of castor oil; and (4) as crystals 
in gelatin capsules followed immediately by (a) a meal of fat, (2>) a 
meal of whole milk, (c) a meal of lean meat, and (d) a meal of dry 
bread. 


1 Received for publication Apr. 6,1927; issued November, 1927. 

2 Reference is made by number (italic) to “ Literature cited,” p. 649. 
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Liquid petrolatum and olive oil were selected as carriers because, 
the one being a hydrocarbon and the other a bland oil, any anthelmin¬ 
tic action produced would he considered as due to the paradichloro- 
benzene dissolved in them, since they of themselves are without any 
such action (6). 

The animals were fasted overnight previous to administering the 
drug, and given no food for a period of two hours following dosing. 
The feces were then collected for a period of from 48 to 72 hours and 
examined. Table 1 shows the efficacy of paradichlorobenzene in 
experiments 1,2, and 3. 

From the table it will be seen that in the case of dog No. 26, in 
which the worms (Ancylostoma caninum) found in the large intestine 
were considered impotent, paradichlorobenzene, administered in the 
form of crystals at the rate of 0.1 gm. per kilo of body weight, was 
inefficacious for roundworms, tapeworms, and whipworms, and 28.5 
per cent efficacious against hookworms. 

Administered at the rate of 0.3 gm. per kilo of body weight, the drug 
was inefficacious for roundworms and whipworms, and averaged 2 
per cent efficacious against hookworms, and 1.5 per cent against 
tapeworms, in the case of dogs Nos. 10 and 20. 

Administered at the rate of 0.5 gm. per kilo of body weight, the 
drug was inefficacious for tapeworms, and averaged 25.45 per cent 
efficacious against hookworms, in the case of dogs Nos. 1, 2, and 19. 

Administered at the rate of 1 gm. per kilo of body weight, the drug 
averaged 66.5 per cent efficacious against roundworms in two trials, 
and 49.5 per cent against hookworms in the case of dogs Nos. 4, 5, 9, 
10, 11, 12, 15, and 16. 

Administered dissolved in liquid petrolatum at the rate of 1 gm. 
per kilo of body weight, the drug was inefficacious for tapeworms 
and 4.5 per cent efficacious against hookworms, as shown in the 
case of dog No. 13. 

Administered in olive oil at the rate of 1 gm. per kilo of body weight, 
the drug was 17 per cent efficacious against hookworms in the case 
of dog No. 14. 

Administered in crystal form in gelatin capsules at the rate of 
0.5 gm. per kilo of body weight, and followed an hour later by an ounce 
of liquid petrolatum, the drug was inefficacious for roundworms and 
tapeworms, and averaged 60.5 per cent efficacious against hookworms 
and 12.5 per cent efficacious against whipworms, in the case of dogs 
Nos. 22 and 24. 

Administered in crystal form in gelatin capsules at the rate of 
1 gm. per kilo of body weight, and followed an hour later by an 
ounce of liquid petrolatum, the drug was 4.5 per cent efficacious 
against hookworms and 100 per cent efficacious against whipworms 
in the case of dog No. 29. 

Administered in the form of crystals in gelatin capsules at the 
rate of 0.5 gm. per kilo of body weight, followed an hour later by 
an ounce of castor oil, the drug was inefficacious for roundworms, 
tapeworms, and whipworms, and averaged 15 per cent efficacious 
against hookworms, as shown in the case of dogs Nos. 23, 25, and 27. 

Administered in the form of the crystals in gelatin capsules at the 
rate of 1 gm. per kilo of body weight, followed an hour later by an 
ounce of castor oil, the drug was 62.5 per cent efficacious against 
hookworms in the case of dog No. 28. 



Table 1.— Efficacy of paradichlorobenzene, administered in several waySj as an anthelmintic for dogs 
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Administered as crystals in gelatin capsules. c Dissolved in liquid petrolatum. * Gelatin capsules followed in an hour by liquid petrolatum. 

None found. * Dissolved in olive oil. / Oclatm capsules followed in an hour by castor oil. 
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TOXICITY 

Dogs Nos. 9 and 10 died showing pronounced symptoms of intoxi¬ 
cation. The practice of the experiment station has been to fast 
the animals overnight before administering paradichlorobenzene, and 
to withold feed for a period of two hours following dosing. In the 
case of dogs Nos. 9 and 10, however, the attendant inadvertently 
gave the animals fat meat immediately after dosing. 

The dogs received the drug at about 9.30 a. m., and were down 
and trembling violently at 1 p. m. Dog No. 9 soon became uncon¬ 
scious and died about 36 hours later without having regained 
consciousness. Dog No. 10 was not so violently affected., but showed 
incoordination of movement after 24 hours, walking with an irregular 
gait or standing with its legs spread far apart. 

To learn whether this result was due to the absorption of paradi- 
chlorobenzene, dogs Nos. 18 and 21 were given the drug at the rate 
of 0.5 gm. per kilo of body weight. Dog No. 18 received a piece of 
fat immediately following dosing, and dog No. 21 was given all the 
whole milk it would take. 

Both dogs showed decided symptoms of intoxication at 1 p. m., 
but the symptoms were not nearly so pronounced as in the case of 
dogs Nos. 9 and 10. The symptoms were still evident at 4 p. m. 
but disappeared before the next morning. 

Four days later the experiments were repeated with the same dogs. 
The same amount of paradichlorobenzene was given as before, but 
in addition dog No. 18 received lean meat and dog No. 21 dry bread 
and water. The drug was administered at 9 a. m., and the first 
symptoms of intoxication were visible at 1 p. m. These passed off 
rapidly, however, leaving the animals with no apparent permanent 
ill effect. 

Dog No. 21 passed eight ascarids after receiving the first dose 
.of paradichlorobenzene on October 13, and died a few days after 
receiving the second dose on October 17. No ascarids were found 
post-mortem, proving the drug to be 100 per cent efficacious against 
these intestinal worms in this instance. No percentage of efficacy 
against hookworms was determined in the case of dog No. 21. 

EFFECT ON EDIBILITY OF MEAT ANIMALS 

In connection with the experiments with paradichlorobenzene as 
an anthelmintic the drug was observed to render unfit for human 
consumption the meat of animals to which it was administered. 

Previous to the arrival of the author at the Porto Rico Experiment 
Station paradichlorobenzene in crystal form had been administered 
to pigs. One pig, which had received a total of 14 gm. of the drug 
during a period of four months, was sold on the hoof, that is, before 
slaughter, as is the local custom. Those who purchased the meat 
could not eat it and were refunded their money. The meat smelled 
and tasted of paradichlorobenzene. The second pig, which had been 
kept as a check on the first experiment, was given 5 gm. of the drug 
in one dose and was not slaughtered until two weeks later. The 
meat of this animal also proved to be unfit for human consumption. 

One authority reports tasting paradichlorobenzene in the eggs of 
hens which were fed corn that had been fumigated with the drug, 
To test the accuracy of the report the author, about December 27, 
1925, fed to some of the hens at the station the ground liver of a dog 
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to which paradichlorobenzene had been administered. Up to and 
including January 9, 1926, paradichlorobenzene could be tasted in 
the yolks of the eggs laid by these hens. 

CONCLUSIONS 

Administered in doses of 0.1, 0.3, 0.5, and 1 gm. per kilo of body 
weight in bland oils and in crystal form, followed by a bland oil in 
some instances, and by a purgative oil in others, paradichlorobenzene 
is somewhat efficacious against intestinal worms. 

The results obtained were not sufficiently uniform to permit 
classifying paradichlorobenzene as an effective anthelmintic, and are 
in accordance with the findings of Sollmann (10). 

The results from using paradichlorobenzene dissolved in olive oil 
and alone are in agreement with the opinion expressed in 1918 by 
Hall (5)^ that “olive oil seemed to be decidedly contraindicated in 
[connection] with anthelmintics.” 

Hall and Foster (6 } p. 1+32) also point out the fact that liquid 
petrolatum seriously diminished the efficacy of chenopodium, which 
seems to be true also in the case of paradichlorobenzene. 

The results apparently confirm also the hypotheses advanced by 
Caius and Mhaskar (2) and Hall and Shillinger (7) concerning the 
relationship of the chlorine content and the solubility of halogen 
compounds to their anthelmintic efficacies. Paradichlorobenzene 
contains only 2 atoms of Cl, is practically insoluble in water, and 
theoretically therefore should be inferior to such compounds as^ carbon 
tetrachloride and the new anthelmintic tetrachlorethvlene, which con¬ 
tain a larger number of chlorine atoms and are more soluble in water. 
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CYTOLOGICAL STUDIES ON VIRUS DISEASES OP 
SOLANACEOUS PLANTS 1 


By Isme A. Hogg an 2 
Wisconsin Agricultural Experiment Station 

INTRODUCTION 

Microscopical examinations of the tissues of mosaic-diseased plants 
have been made by numerous investigators since the earliest recogni¬ 
tion of diseases of the plant virus group. With a few exceptions, 
these investigations have been confined to the study of a single virus 
disease upon a single species of host. It has now, however, come to 
be recognized that there are a number of different virus diseases due 
to distinct and specific viruses, which frequently have an extended 
host range, and several of which may be capable of infecting the 
same host plant. In certain instances, where a single plant species 
or group of species is susceptible to a number of such diseases, con¬ 
siderable difficulty may be experienced in distinguishing clearly 
between the latter, though ; i some cases this may be accomplished by 
means of a comparative study of the host range, symptomatology, 
and certain other properties of the viruses concerned. It was believed 
that a comparative cytological study of such a group of diseases upon 
an extended host range would be of value in determining whether 
any microscopical features were present which could be correlated 
with any specific viruses, thereby providing an additional means of 
identification. Such a study might also be expected to throw further 
light on the possible relationships of the different viruses. It was 
especially borne in mind that various investigators have reported the 
occurrence of vacuolate, protoplasmic bodies in the tissues of certain 
mosaic-diseased plants, and that there are those who believe these 
bodies to be a form of protozoan or other living organism and the 
casual agent of the disease in question. It is therefore of consider¬ 
able importance to ascertain to what extent such bodies are associated 
with virus diseases in general, and a cytological study of the nature 
described should be of value in this connection. A number of virus 
diseases were available for study on a variety of solanaceous plants, 
and the results of a cytological examination of these are presented 
in this paper, the first section dealing with diseases of a group of 
solanaceous plants, excluding the potato, and the second with diseases 
of the potato only, most of which are at present believed to be limited 
to the potato as host. 

LITERATURE REVIEW 

There is considerable literature dealing with the histological and 
cytological aspects of plant virus diseases. This has been reviewed in 
detail by various writers, notably Goldstein (8) 3 and Smith (31), and 


i Received for publication July 14, 1927; issued November, 1927. 

a The thanks of the writer are due Dr. James Johnson, under whose direction this work was carried out, 
both for his valuable cooperation m supplying the material for examination and for his interest and advice 
throughout the course of the investigation. The writer is also indebted to Prof. L. R. Jones for his interest 
in the work and for his helpful criticism. 
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in the present paper it is proposed to give only a brief consideration 
to the more important publications.. 

Histological modifications occurring in mosaic tissues were first 
described by Woods (84) in connection with tobacco mosaic. This 
investigator observed a reduction in length of the palisade cells in 
the lighter areas of the leaf and a decrease in the amount of intercel¬ 
lular space throughout these regions. Iwanowski (10) later confirmed 
these observations, describing also certain variations in the width of 
the lamina in the light and dark areas, together with certain changes 
in the chloroplasts and nuclei. In the dark green areas the palisade 
tissue was found to consist to two layers of cells. 

Similar modifications have since been reported by different inves¬ 
tigators in association with various other mosaic diseases, namely, 
mosaic of cucumber (4), potato (25), tomato, petunia, henbane, 
pepper, raspberry, pea, bean, clover (8), pecan (28), sugar cane 
(2, 24), Datura stramonium, pokeweed, and Aquilegia sp. (31), 

The presence of cell inclusions in mosaic tissues was first reported 
by Iwanowski (10), who described bodies of three types occurring in 
the chlorotic areas of mosaic tobacco leaves : (1) Colorless, crystalline 
plates or layers, resembling some waxy material but of lower refractive 
index, and showing cross-striations on treatment with acids; (2) 
protoplasmlike bodies, near, or in close connection with, the nuclei, 
and whose appearance suggested parasitic amoebae (these bodies 
were apparently distinct from the cell cytoplasm, and were considered 
as some reaction product of the cells); (3) granular inclusions, which, 
on staining, resembled zoogloea, consisting of very minute, short rods, 
usually occurring in the palisade cells and believed to be bacteria. 

Inclusions more or less similar to the amoebalike bodies of Iwan¬ 
owski have since been described by various workers in association 
with several different virus diseases of plants. Lyon (20) reports the 
presence of such bodies in the galls produced in Fiji disease of sugar 
cane, 4 and these are described more fully by Kunkel (17), Both 
authors believe the bodies to be living organisms. Kunkel gives a 
detailed account of somewhat similar bodies present in mosaic corn 
(15), Hippeastrum equestre (16, 18), Chinese cabbage (18), and su^ar 
cane (19), Palm (27) gives a fuller description of the vacuolate bodies 
associated with tobacco mosaic and describes also certain minute 
granules in the mosaic tissues which he believes to be the causal 
organism. McKinney, Eckerson, and Webb report the presence of 
intracellular bodies, somewhat similar to those of mosaic corn, in 
rosette and mosaic wheat (23) and in mosaic Hippeastrumjohnsonii 
(22). K. M. Smith (32) finds amoebalike bodies in mosaic potato, 
which he considers to be “some degeneration product of the 0611 ,” 
and Goldstein (9) describes protoplasmic inclusions associated with 
“mosaic diseased” and “dwarfed” dahlias. Further descriptions of 
the different cell inclusions occurring in mosaic tobacco are given by 
Rawlins and Johnson (29) and by Goldstein (7, 8), F. F. Smith (31) 
reports the presence of protoplasmic bodies in the tissues of mosaic 
tobacco, petunia, Datura stramonium, and pokeweed, and in Euonymus 
japonicus affected with an infectious chlorosis. 

Several other types of inclusion have been described as associated 
with certain mosaic tissues. Sorokin (33) describes the formation of 


4 This may or may not be a virus disease 
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blisterlike spheres from the chloroplasts of mosaic tomato leaves and 
the occurrence of minute granular bodies in the tissues. Eckerson 
(5) reports the presence of small bodies, believed to be flagellates, in 
mosaic tomato, wheat, Hippeastrum joTmsonii , dahlia, and squash, 
and Klebahn (14) finds, in the young phloem cells of Anemone nemo - 
rosa affected with the disease “ Alloiophyllie,” minute bodies which he 
considers to be living organisms. 

VIRUS DISEASES OF SOLANACEOUS PLANTS, EXCLUDING THE 

POTATO 

MATERIAL 

The material chosen for microscopical examination was selected 
from a wide range of solanaceous plants of different genera and species 
affected with one or more of 11 different virus diseases. These dis¬ 
eases have been fully described by Johnson (11, 13), as regards dif¬ 
ferential host symptoms and other differential properties of the viruses 
concerned, under the following names: Tobacco mosaic, cucumber 
mosaic, speckled tobacco mosaic, mild tobacco mosaic, spot necrosis, 
ring spot, yellow tobacco mosaic, medium tobacco mosaic, bleaching 
mosaic, tomato stem necrosis, and petunia mosaic. Since the work 
was carried out in association with Johnson, there is no doubt about 
the identity of the diseases studied so far as his proposed classifica¬ 
tion is concerned, and the descriptions of them need not be repeated 
here. The more common host plants studied are listed in Table 1. 

The method employed in these investigations was to inoculate 
each virus simultaneously to five plants of each host species under 
study, the individual plants of each species being of the same age and 
approximately the same size and vigor. The plants were inoculated 
when quite young and in a rapidly growing condition. Five similar 
but uninoculated plants served as a control in each trial. All trials 
were conducted in one greenhouse run at a temperature of 27° to 32° 
C. When the symptoms of disease were fully developed, material 
for microscopical examination was carefully chosen in each case from 
individual leaves of plants which showed the most intense mottling, 
chlorosis, or other symptoms of disease. At the same time healthy 
material for comparison was obtained from the control plants. It 
has been found by various workers, and has been observed by the 
writer during the present investigation, that the amount of internal 
modification or variation in mosaic-diseased plants is in general pro¬ 
portional to the intensity of external symptoms, and is more pro¬ 
nounced and varied in the leaves than in any other organ of the plant. 
Material was therefore selected which might be expected to show as 
fully developed internal symptoms of disease as possible for any host 
species in respect to each individual virus, and material which could 
be considered in all cases as truly comparative. Certain combinations 
of host and virus which produced only very faint or no symptoms of 
mottling were frequently not included in the examination. In some 
cases it was possible to secure material from only a single set of 
inoculations, though usually several sets were available for study at 
different times. 

The leaf symptoms produced on the different hosts by different 
viruses were very varied, and Figure 1 illustrates some of the types 
of mosaic pattern secured which were characteristic of different 
viruses on tobacco and which were included in the present examination. 



654 


Journal of Agricultural Research 


Vol. 35, No. 7 


METHODS 

The present examination was conducted largely upon material 
that had been fixed and stained by the usual methods, though fresh 
unstained material was also studied from time to time by means of 



Fig. 1—Types of mosaic pattern produced on tobacco by different 
virus diseases: A, Healthy tobacco; B, cucumber mosaic; C, tobacco 
mosaic; D, tobacco mosaic attenuated by heat; E, yellow tobacco 
mosaic; F, speckled tobacco mosaic; G, spot necrosis; H, ring spot 


free-hand sections to serve as a check upon the other. Small portions, 
usually square or triangular in shape, with sides measuring a few 
millimeters, were cut out from the leaf lamina with a sterile safety- 
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razor blade, placed immediately in the fixing fluid and embedded in 
the usual way. If the leaves showed any form of mottling, portions 
were cut out from both the chlorotic and the darker areas and exam¬ 
ined separately. Considerable difficulty was experienced in finding 
a fixing fluid that was satisfactory for all purposes. Many were 
tested, including Flemming’s fluids, chrom-acetic solutions of different 
strengths, duel’s, Bouin’s, and Zenker’s fixatives, acetic alcohol, formol 
alcohol, formol acetic alcohol, Gilson’s and other sublimate fixatives 
and Carnoy’s fluid. Several of these gave excellent results with 
material from young leaves, but proved very unsatisfactory for older 
tissues. For general purposes formol acetic alcohol (100 parts^ 50 
per cent alcohol, 6.5 parts formalin, and 2.5 parts glacial acetic acid), 
used for 24 to 48 hours, was considered most suitable and was employed 
extensively. Carnoy’s fluid (6 parts absolute alcohol, 3 parts chloro¬ 
form, and 1 part glacial acetic acid), used for about 15 minutes, was 
found to cause less distortion of the cells and was employed for a 
time, but was subsequently abandoned on account of its rather 
severe action on the cell contents and of the less satisfactory staining 
properties which it conferred upon the tissues. 

The material was sectioned at a thickness of 7 microns in a plane 
perpendicular to the leaf surface, and stained with Haidenhain’s 
iron-alum haematoxvlin (iron-alum 2 per cent aqueous about 3 
hours, haematoxylin per cent aqueous about 2 hours, destained 
in iron-alum 1 per cent aqueous). The slides were examined with a 
2 mm. apochromatie oil immersion lens and 7.5 X compensating 
oculars. All photomicrographs were made from stained slides with 
the 2 mm. lens and a 6 X ocular. All drawings w T ere made with the 
aid of a camera lucida, using the 2 mm. lens and a 7.5 X ocular. 

The amount of material examined for any given virus on any one 
host varied considerably according to the amount that was available 
for study and according to certain other considerations. The mini¬ 
mum, however, consisted of four or five leaf portions from the chloro¬ 
tic areas and about as many from the dark green areas, these being 
taken from several different leaves and usually from several plants. 
From each leaf portion, three or more microscopic slides were pre¬ 
pared, 50 or more sections being mounted on each slide. Usually, 
however, considerably more material than this was examined, and 
sometimes a great deal was worked through. For example, with 
petunia mosaic on tobacco, 14 leaf portions from 5 different plants 
were examined, and with speckled tobacco mosaic on the same host, 
15 leaf portions from 4 plants. 


RESULTS 

Certain modifications were observed in the diseased tissues which 
were of more or less general occurrence throughout the material 
examined and were not limited to any specific hosts or viruses, 
though varying according to the intensity of external symptoms 
developed on the leaves. Similar modifications have already been 
described by Woods (34), Iwanowski (10) and other investigators, 
in relation to a number of other mosaic diseases, and these appear to 
be characteristic of such disease in general. Such modifications 
relate to changes in the histological structure of the leaf tissues and 
in the chloroplasts and nuclei. 
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In the earliest stages of development of the disease, or in other cases 
where the color modifications occurring in the leaves were only faintly 
developed, the chloroplasts in the lighter regions appeared somewhat 
paler and more yellow than those of the normal leaf, indicating some 
change in the composition of the chlorophyll. In the fixed material 
this was indicated by a difference in the staining capacity of the 
chloroplasts, those in the paler areas taldng on a somewhat lighter 
stain. Where the external symptoms of mottling or chlorosis were 
marked, the chlorophyll had changed from green to yellow, and. the 
plastids were reduced in size, in severe cases of disease sometimes 
disintegrating and apparently breaking up into small particles. In 
leaves infected when very young, the chloroplasts did not develop 
normally, but remained small and fewer in number than in the healthy 
cell. When placed in water, these plastids often swelled up to form 
colorless vesicles, as described by Iwanowski (10), and it is thought 
possible that this may have some bearing on the formation of the 
“spheres” reported by Sorokin (S3). In the dark green areas, on the 
other hand, the chloroplasts always appeared very large, frequently 
more numerous, and of a somewhat deeper green than normal. 

Modifications in the form of the cells occurred wherever the leaves 
showed a marked degree of mottling or chlorosis. According to the 
intensity of such symptoms, the palisade cells in the yellow areas 
appeared shorter in length and somewhat broader than normal, or 
reduced to a cuboidal form, while those of the darker areas appeared 
somewhat longer and thinner than normal and very closely crowded 
together. In the most severe cases, the palisade tissue of the darker 
areas consisted of two layers of cells. These modifications resulted 
in variations in the thickness of the leaf lamina, the lighter areas being 
reduced in some cases to about two-thirds the thickness of the darker 
areas. 

Similar histological changes and modifications in the chloroplasts 
were associated with the different potato virus diseases, which will be 
considered in a later section. 

In the more severe forms of disease, the host nuclei were frequently 
affected, those in the lighter areas of the leaf often appearing shrunken 
and distorted, and staining more lightly than normal; at other times 
appearing considerably swollen, with enlarged nucleoli. This latter 
type was especially characteristic of the potato mosaics. In certain 
material the nuclei contained square or oblong plates of some dark- 
staining material, whose nature was not determined, and which, when 
viewed on end, appeared as narrow rods or bands. Usually one or 
two of these plates were present in a single nucleus, which contained 
in addition an apparently unaltered nucleolus; such nuclei were very 
abundant in some material. They were associated with mild tobacco 
mosaic on ah hosts examined with the exception of Nicotiana glutinosa , 
with bleaching mosaic on pepper and tomato, and with tobacco mosaic 
on henbane. Their significance is not understood. 

. It can not, however, be said that any of these modifications occur¬ 
ring in the diseased tissues are sufficiently characteristic of any partic¬ 
ular virus or group of viruses to be of value for diagnostic purposes. 
Their chief significance no doubt lies in the indication which they 
give that the diseases in question are probably closely related one to 
another. On the other hand, a study of the association of cell inclu¬ 
sions with the different viruses reveals quite another situation. 
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In the case of ordinary tobacco mosaic on tobacco (Nicotiana 
tabacum), cell inclusions of two types were found to be invariably 
present in the chlorotic areas of mottled leaves, namely, the pro¬ 
toplasmic, vacuolate bodies previously described by various writers 
and 'which, for convenience, will be referred to as w x-bodies,” 5 and 
the “striate material” of Rawlins and Johnson {29) 1 which, accord¬ 
ing to Iwanowsld (10), Goldstein (7), and others, results from the 
action of acids in the fixing fluid on certain waxy-crystalline plates 
occurring in the living, diseased cells. The appearance of the 
x-bodies in the stained sections of mosaic tobacco leaves is shown 
in Plate 1, A, B, C, b. The small, dark-staining bodies described 
by Rawlins and Johnson (29) were observed only rarely, probably 
because the material was usually taken during later stages of develop¬ 
ment of the disease. Contrary to the observations of Rawlins and 
Johnson (29) and of Smith (81), both x-bodies and striate material 
appeared to occur as commonly in the field as in the greenhouse. 
Material taken from 20 different tobacco plants growing in the field, 
and several feet in height, contained in every case abundant inclusions 
of both types. 


Table 1. —Occurrence of cell inclusions in various sola?iaceous host plants in 
association with different viruses 
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++ indicates that x-bodies and striate material are both present + indicates striate material only 
present and 0 indicates no inclusions present. 


On inoculation of the tobacco-mosaic virus to other solanaceous 
hosts, these two types of inclusion were again produced in every case 
where definite mottling or chlorosis of the leaves was secured, and 
were invariably present in the lighter colored areas, though never 
occurring in the dark green parts. Table 1 shows a number of host 
plants examined which were affected with tobacco mosiac, and the 
inclusions present in each case. In addition to the hosts listed in this 
table, six others were examined which were affected with tobacco 
mosaic, and x-bodies and striate material were found to be associated 
with each. These hosts were: Physalis alkekengi , Solanum cabiliense 
argenteum , S. marginatum , S. nigrum , S. pyracanfhum , and potato 


»This term was introduced by Goldstein ( 7 ). 
70354—27-6 



























658 


Journal oj Agricultural Research 


Vol. 35, No. 7 


(Rural New Yorker and Green Mountain varieties). (PI. 2, F, and 
fig. 2, E, J.) 

Table 2. —Summary of results showing the occurrence of cell inclusions in associa¬ 
tion with different viruses on all hosts examined 


Disease 


Tobacco mosaic.. 

Cucumber mosaic*... 

Speckled tobacco mosaic. 

Mild tobacco mosaic. 

Spot necrosis. 

Ring spot. 

Yellow tobacco mosaic... 
Medium tobacco mosaic. 

Bleaching mosaic. 

Tomato stem necrosis_ 

Petunia mosaic. 


1 

| Virus 

! 

Number 

host 

species 

examined 

Number 
showing 
x-bodies 
and striate 
material 

Number 
showing 
striate ma¬ 
terial only 

Number 
showing 
no inclu¬ 
sions 
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] Tobacco virus 6. 
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i Tobacco virus 9.. 

7 
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j Petunia virus 1. 

1 

0 
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1 


In all, out of 19 host species examined., 16 showed inclusions of 
both types. (Table 2.) Of the remaining 3 examined, which con¬ 
tained no inclusions, 1 ( Nicotiana glauca) showed no symptoms of 
any kind except a general stunting of the plants, 1 (N. glutinosa) 
showed stunting and necrosis but no traces of mottling or chlorosis, 
and 1 ( S . laciniatum ) showed only a very faint mottling. Moreover, 
the inclusions, if present, were usually very abundant in the tissues 
and occurred in all parts of the leaf lamina except in the vascular 
bundles. In pepper (Capsicum annuum), however, where only a 
general chlorosis of the leaves was produced, without any distinct 
mottling, the striate material was abundant throughout the tissues, 
but the x-bodies were present only in the cells adjacent to the veins. 
In all hosts both types of inclusion w r ere closely similar to those 
occurring in tobacco, resembling them in form, general appearance, 
staining properties and, except in pepper, in general distribution in 
the leaf. In some hosts, however, the x-bodies did not reach quite 
as large a size as in tobacco. It is interesting to note that P. alTce- 
Jcengi, once reported as a symptomless carrier (26), but which devel¬ 
oped a definite mottling after inoculation with tobacco mosaic in the 
waiter’s trials, contained both x-bodies and striate material in the cells. 
Tobacco plants inoculated with a combination of tobacco and cucum¬ 
ber mosaic viruses, or with a combination of tobacco mosaic virus 
and six other viruses, also developed inclusions of these two types, as 
did tobacco plants inoculated with tobacco mosaic virus which had 
been attenuated by heat (12). Similar inclusions have been de¬ 
scribed by Goldstein (7) in S . sculeatissimum affected with tobacco 
mosaic. It is, therefore, evident that these two types of cell inclusion, 
namely, x-bodies and striate material, already known to be associated 
with tobacco mosaic on tobacco, must be considered as a constant 
feature of this disease irrespective of host plant, occurring wherever 
a definite mottling or chlorosis is produced. 

On the other hand, no cell inclusions were observed in any healthy 
plant, although material from mosaic-free individuals of each host 
species under consideration was always examined at the same time as 
material from mosaic plants. 
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FORM-CLASS TAPER CURVES AND VOLUME TABLES 
AND THEIR APPLICATION 1 

By C. Edward Behre 2 

Associate Silviculturist, Forest Service, United States Department of Agriculture 
I. GENERALIZED TAPER CURVES AND VOLUME TABLES 

NEED FOR IMPROVEMENT OF TREE VOLUME TABLES 

As an aid in determining the contents of stands of timber in timber 
cruising and growth studies, foresters are accustomed to use volume 
tables showing the average volume in a given unit of product of trees 
of different diameters and heights. These tables have generally 
been made up for each individual tree species, and for species occur¬ 
ring over a wide range of territory different sets of tables have often 
been constructed in different portions of their range. It is desirable 
to have tables which will be applicable over as wide a range as 
possible in order to eliminate the necessity of special studies for the 
construction of tables from local material for each individual forest 
or project. In the construction of tables for general application 
measurements have been made on large numbers of trees of a given 
species covering every possible condition in many localities and 
these have all been averaged together to give a single average volume 
for each diameter and height class. In spite of the enormous amount 
of work necessary for the construction of such tables, experience has 
shown that they are often not dependable for timber cruising nor for 
the more exacting demands of growth and yield studies. The work 
reported in this paper was commenced by the author at the School of 
Forestry, University of Idaho, in 1920, and the principal findings 
(3) 2 were reached at that institution before the author became 
connected with the United States Department of Agriculture, Forest 
Service, at the Northeastern Forest Experiment Station, in the fall 
-of 1923. Under the auspices of the Forest Service the work was 
amplified and elaborated in preparation for its publication. The 
report is, therefore, a cooperative contribution from these two 
institutions. 

The volume of a tree is dependent upon three factors—diameter, 
height, and form. Volume tables of the conventional type described 
above recognize only differences according to diameter and height 
and show volumes corresponding to the average form of the material 


1 Received for publication June 6,1927; issued November, 1927 

s The author wishes to acknowledge his indebtedness to J. Phillip Drissen, James Farrell, Harold Z. 
White, and Rodgers G. Wheaton, formerly students at the University of Idaho, for their share m the initial 
stages of the project, and to Donald Bruce, Joseph Kittredge, E. N Munns, F. S Baker, and Walter H. 
Meyer, of the IT. S. Forest Service, for valuable suggestions m the preparation of the manuscript, 
s Reference is made by number (italics to “ Literature cited,” p. 743. 
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Studies on Virus Diseases of Solanaceous Plants Plate 1 



Photomicrographs of coll inclusions present m the leaves of certain mosaic-diseased plants. 

X 785 


A. —Tobacco mosaic on tobacco. X-body (5) and nucleus ( 71 ) in a hair cell. 

B. “-Tobacco mosaic on tobacco (nucleus slighty out of focus). 

C —Tobacco mosaic on tobacco. Large x-body (5) m a hair cell. This was one of the 
largest observed m this type of material. 

D. —Yellow tobacco mosaic on petunia. Very large, coarsely granular body (b) in contact 
with slightly crushed nucleus in). 

E. —Crinkle mosaic on <Ireon Mountain potato. Body (6) and nucleus ( n ) in epidermal cell. 

F. —Crinkle mosaic on Green Mountain potato Body (6) and part of nucleus (7?) in 
palisade cell. 






Studies on Virus Diseases of Solanaceous Plants Plate 2 



Photomicrographs of cell inclusions in the leaves of potato in association with certain virus 

diseases. X 785 

A. —Crinkle mosaic on Green Mountain Potato. Bodies (bi and 62 ), nucleus (n) and brown 
material (m) in mesophyll cell. 

B. —Crinkle mosaic on Green Mountain potato. Body ( 6 ) in palisade cell. 

C. —Rugose mosaic on Green Mountain potato. Body (b) in mesophyll cell. 

D. —Rugose mosaic on Green Mountain potato. Mesophyll cell filled with vacuolate 
material (jp); m, brown material. 

E. —Supermild mosaic on American Wonder Potato. Large mass of vacuolate material (p) 
and nucleus (n) in hair cell. 

F. —Tobacco mosaic on Rural New Yorker potato. X-body (b) in hair cell. 






Studies on Virus Diseases of Soianaceous Plants Plate 3 



Photomicrographs of vacuolate, protoplasmlike material in the leaves of potato in association with 
certain virus diseases. X 590 

A.—Crinkle mosaic on Green Mountain potato. Vacuolate material in palisade cells as an 
irregular layer or mass adjacent to the wall (p 1 , pn), or as a bridge across the cell (p 3 ); n nucleus. 

B —Crinkle mosaic on Green Mountain potato. Vacuolate material in mesophyll cells, forming 
a layer adjacent to the wall (pi), or an irregular mass Q 32 ); n nucleus. 

C .—Crinkle mosaic on Green Mountain potato. Vacuolate material m palisade cells as a bridge 
across the cell (pi, P 3 ), a layer against the wall (£ 2 ), or a partially rounded mass (p*). 

D —Crinkle nwsaic on Green Mountain potato. Vacuolate material as an indefinite mass (p) 
or as definite bodies ( 61 , 62 ); n nucleus. , . . . 

E. —Rugose mosaic on Bliss Triumph potato. Abundant vacuolate material (p) m the cells; 

n nucleus. „ , A ^ t 

F. —Healthy Green Mountain potato. No vacuolate material present; n nucleus. 
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In contrast with tobacco mosaic, no inclusions of any type were 
found to occur in association with cucumber mosaic when inoculated to 
the same hosts as tobacco mosaic. Cucumber mosaic was studied 
altogether on 10 solanaceous host species (Table 1), in 7 of which 
x-bodies and striate material were produced in abundance by tobacco 
mosaic; in the case of cucumber mosaic, however, cell inclusions 
were entirely absent from the host tissues, although on many hosts 
quite as marked symptoms of mottling were developed as were pro¬ 
duced by tobacco mosaic. For example, on young tobacco plants, 
cucumber mosaic caused a very striking chlorosis which was quite 
as intense as the chlorotic areas developed by tobacco mosaic on this 
host (fig. 1, B, C), yet although a considerable amount of material 
was examined, neither x-bodies nor striate material were ever 
observed in association with cucumber mosaic. Young cucumber 
plants affected with this mosaic were also examined, but again no 
inclusions were observed. In order to determine whether x-bodies 
or other cell inclusions were associated with this disease, but were 
very slow in developing, material was also examined from certain 
leaves of tobacco, pepper, and cucumber which had already shown 
marked mottling for several weeks. No inclusions, however, were 
observed. This point is of particular interest since it was formerly 
believed by some investigators that cucumber and tobacco mosaic 
were identical, owing to the fact that they frequently produced very 
similar symptoms on tobacco. Cytological considerations, however, 
support the evidence derived from other studies that these two dis¬ 
eases are due to two different viruses. 

As with cucumber mosaic, no inclusions were found to occur in 
association with seven other virus diseases of solanaceous plants, 
namely, speckled tobacco mosaic, mild tobacco mosaic, spot necrosis, 
ring spot, bleaching mosaic, tomato stem necrosis, and petunia 
mosaic, although, with the exception of the last named, these dis¬ 
eases were studied on a variety of host species (Tables 1 and 2), and 
the symptoms of mottling produced were always quite definite and 
frequently very striking 6 (fig. 1, F, G, H). Petunia mosaic was 
studied only on tobacco considerable material was, however, examined, 
and the evidence is therefore considered as conclusive in this case also. 

In connection with these seven virus diseases, it may perhaps be 
maintained that negative evidence is never wholly convincing, and 
that inclusions may have been present in some tissues although not 
detected. It is believed, however, that by the methods employed 
this possiblity has been eliminated. By the method of staining used, 
the x-bodies showed up conspicuously in the finished slides as blue- 
gray to deep blue-black objects. They presented a very different 
appearance from the host nucleus and could be readily distinguished 
from this, as is apparent from Plate 1, A, the bodies appearing 
of a homogeneous and uniformly stained material with vacuoles, and 
the nuclei as very granular, almost colorless bodies containing nu¬ 
merous dark chromatin granules, and immediately recognizable by 
the conspicuous, deep black nucleoli. The x-bodies were also readily 
distinguishable from the chloroplasts, which stained more lightly than 


8 In addition to the host plants shown in Table 1, spot necrosis was examined on Solarium robusium 
and no inclusions were found. 
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the former, besides differing in shape, size, and structure; and with a 
little practice it became possible to detect the x-bodies in the tissues, 
if present, with ease and rapidity. Similarly, the striate material 
was very conspicuous and could not be confused with any other con¬ 
stituent of the cell. Moreover, when inclusions were present at all 
in any material, even if occurring but rarely, several at least could 
be detected in almost any section examined, and with certainty in 
every slide. Hence, as it was customary to mount, on an average, 50 
or more sections per slide and to prepare three or more slides from 
each portion of leaf material examined, the possibility of inclusions if 
present completely escaping detection becomes remote. It is ad¬ 
mitted that in some cases it was not possible to secure more than 
one batch of material of a given virus on a given host, but since this 
included four or five leaf portions taken from different leaves and 
often from different plants, it is maintained that in nearly all cases 
the examination of material was adequate for a diagnosis. Usually, 
however, two or more batches of material were secured at different 
times from different plants, and in some cases a considerable amount 
of material was worked through. For example, in the case of cu¬ 
cumber mosaic on tobacco, 16 leaf portions were examined from 10 
different plants, and in the case of spot necrosis on the same host, 10 
leaf portions from 8 plants. Comparing this with material of tobacco 
mosaic on tobacco, 41 leaf portions of the latter were examined from 
84 different plants and in every case both striate material and 
x-bodies were found present. It" is, therefore, believed that, where 
material was examined and no inclusions were observed, such inclu¬ 
sions were definitely not present and were not merely overlooked. 

X-bodies and striate material were found to be associated with 
two other virus diseases in addition to ordinary tobacco mosaic, 
namely, yellow tobacco mosaic (fig. 1, E) and medium tobacco 
mosaic. In the former case, out of 9 hosts examined, 7 4 contained 
inclusions of both types, 4 contained striate material only, and 1 
showed no inclusions, while in the latter, out of 5 hosts, 1 showed both 
types of inclusion, 3 striate material only, and 1 no inclusions. 
(Tables 1,2.) The inclusions were closely similar to those associated 
with ordinary tobacco mosaic in all cases except one. On petunia, 
yellow tobacco mosaic sometimes produced vacuolate bodies of a 
relatively enormous size, appearing more coarsely granular than the 
regular tobacco mosaic bodies, and considerably larger than the 
largest of these, though other smaller bodies were also observed in 
other cells of the same material. One of these large bodies is shown 
in Plate 1, D, 6, closely associated with the host nucleus n, which 
appears slightly crushed. The presence of inclusions associated with 
these two diseases could be correlated to a certain extent with the 
intensity of symptoms produced. On the other hand, yellow tobacco 
mosaic, for example, produced a very striking mosaic pattern on 
tobacco leaves (fig. 1, E), although no x-bodies could be detected in 
the tissues. 

It would, therefore, appear from a cytologicai standpoint that these 
two diseases were closely related to, though not identical with, 
ordinary tobacco mosaic. Although a study of differential symptoms 
indicates that they are not identical, the property studies conducted 


7 In addition to the host plants shown in Table 1, yellow tobacco mosaic was examined on SaUmtm 
§i8frnbrifolium, and striate material hut no x-bodies were found. 
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by Johnson (13) also suggest a close relationship, since trials of the 
thermal death point, aging in vitro, and resistance to certain chemicals 
gave similar results for each virus. Since it has been shown that 
some viruses may be attenuated or modified under certain conditions 
(IS,. 1), and since yellow and medium tobacco mosaic were both 
originally obtained from tobacco plants growing in the field, it is 
conceivable that they may be naturally modified forms of the ordinary 
tobacco mosaic. 

. Generally speaking, cytological considerations are in favor of the 
view advanced by Johnson (11) that tobacco and other solanaceous 
plants may be affected by several different and distinct viruses. 

A detailed investigation of the origin or development of the x-bodies 
in this group of plants was not attempted. However, by studying 
very young leaves, a few millimeters in length, taken from the tips of 
young tobacco plants affected with ordinary tobacco mosaic, it was 
possible to trace back the x-bodies to very small forms which appeared 
always in close contact with the host nucleus, irregular in shape, 
frequently crescent-shaped or somewhat triangular, staining similarly 
to the larger bodies, and appearing to consist of the same material, 
but without any vacuoles. Slightly larger bodies were also observed 
in which vacuoles were beginning to develop. These small bodies are 
evidently identical with certain forms described by Rawlins and 
Johnson (29) as appearing in the early stages of the disease and 
believed by these authors to be a possible young stage of the larger 
vacuolate forms. They also resemble early stages of the intracellular 
bodies present in mosaic corn plants as described by Kunkel (15). 

VIRUS DISEASES OF THE POTATO 

MATERIAL 

The material for investigation of the potato virus diseases con¬ 
sisted of a number of different varieties of potato affected with one 
or more of the following diseases: Rugose mosaic, mild mosaic, 
supermild 8 mosaic, Montana crinkle, leaf-rolling mosaic, calico, 9 
streak, leaf roll, crinkle mosaic, and tobacco mosaic. Tubers affected 
with each of the first eight diseases were obtained under these names 
from the department of botany and plant pathology, Oregon Agri¬ 
cultural Experiment Station; crinkle mosaic on Green Mountain 
potatoes was obtained from E. S. Schultz, United States Department 
of Agriculture; and rugose mosaic, on Bliss Triumph potatoes, was 
of Wisconsin origin. The tobacco mosaic virus was identical with 
that discussed in the previous section in connection wfith other 
solanaceous hosts and was secured on different varieties of potato by 
juice inoculation. These potato viruses were also transmitted to a 
limited extent to other varieties of potato by artificial inoculation. 
All plants except those inoculated with tobacco mosaic were grown 
in a cool greenhouse where the symptoms were usually distinct. 
Typical symptoms produced by three of the viruses studied are 
shown in Figure 3. 


8 The term “supermild” mosaic is used oniy tentatively in this paper. 
»Possibly a virus disease. 
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METHODS 

The material was examined by methods similar to those described 
in the previous section, both in the living and in the fixed condition. 
Formol acetic alcohol was employed throughout as fixing fluid, the 
fixed sections being stained with iron-alum haematoxylin as before. 

RESULTS 

The study of the potato virus diseases was complicated both by the 
inconsistencies in nomenclature of the different diseases, and by the 
difficulty in recognizing some of them on the basis of described symp¬ 
toms, which constitute at present almost the only criterion. For 
example, “Montana crinkle,” originally obtained on Rural New 
Yorker variety, when inoculated to Bliss Triumph potatoes, produced 
symptoms identical with those of rugose mosaic on this variety (fig. 3, 
D),and, according to Folsom (6), the name “crinkle,” as sometimes 
used, is synonymous with rugose mosaic. On the other hand, the 
“crinkle mosaic” of Schultz and Folsom (fig. 3, C) is considered by 
these authors (30) as distinct from the “crinkle” of other systems of 
nomenclature. It was, therefore, considered impracticable to 
attempt a detailed study of the different virus diseases of this group 
upon different varieties of potato along the lines described in the pre¬ 
vious section of this paper until some other more definite means of 
identification and classification of the viruses concerned has been 
established. However, since the occurrence of amoebalike, intra¬ 
cellular bodies has been reported by Smith (32) in association with 
mild mosaic 10 on Golden Wonder and President varieties of potato, it 
was believed that a study of such material as was already at hand 
would be of value; and, from cytological considerations, this group of 
diseases proved to be singularly interesting on account of their show¬ 
ing what are believed to be different stages in the formation of defi¬ 
nite, vacuolate, protoplasmlike inclusions in the cells of the diseased 
tissues. These inclusions in their final stages appeared to be very 
similar to the bodies described by Smith. Smith, however, does not 
mention any other stages, which are, from the present standpoint, 
one of the most interesting features. Such bodies have been observed 
in association with so-called crinkle mosaic, rugose mosaic, Montana 
crinkle, leaf-rolling mosaic (fig. 3, B), mild mosaic, and supermild 
mosaic, and have so far been found in the chlorotic areas only of the 
leaves. They have been studied most fully in the case of crinkle 
mosaic on Green Mountain variety (fig. 3, Cl, and will be considered 
first in this connection. 

In healthy Green Mountain potatoes, in all except the very young 
leaves, the cells of the palisade and mesophyll tissues were found to 
contain only a narrow layer of cytoplasm which lined the inner sur¬ 
face of the cell walls and in which were embedded the chloroplasts and 
usually the nucleus. (PL 3, F, and fig. 2, A.) In the palisade cells, the 
nucleus was occasionally suspended in a narrow bridge of cytoplasm 
extending across the cell near the center. The cells of the epidermis 
and vein parenchyma contained a similar cytoplasmic layer and 
nucleus, but very few or no chloroplasts. In the fixed material, 
the cytoplasm appeared frequently somewhat shrunken or perhaps 

10 The type of mosaic is not mentioned in his publication, but in correspondence Smith states that it was 
“what might be called mild mosaic.” 
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ig. 2.—Cell inclusions in the leaves of potato in association with certain virus diseases. X 700. A, 
Healthy Green Mountain potato. Palisade cell. B, Crinkle mosaic on Green Mountain potato. In¬ 
definite mass of vacuolate material in palisade cell. 0, Crinkle mosaic on Green Mountain potato. 
Vacuolate material as a bridge across palisade cell. D, Crinkle mosaic on Green Mountain potato. 
Vacuolate material in palisade cells and epidermal cell. Brown material in palisade cells shown in out¬ 
line. E, Tobacco mosaic on Rural New Yorker potato. X-body, striate material, and vacuolate material 
in palisade cell. F, Crinkle mosaic on Green Mountain potato. Partially rounded mass of vacuolate 
material in mesophyll cell. G, Crinkle mosaic on Green Mountain potato. Body attached to host 
cytoplasm in parenchymatous cell adjacent to large vein. H, Rugose mosaic on Bliss Triumph potato. 
Small amount of vacuolate material adjacent to wall of palisade cell. Brown material shown in outline 
at top of left-hand cell. J, Tobacco mosaic on Rural New Yorker potato. X-body, striate material, 
and host nucleus in hair cell. 
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partially dissolved, and showed only as a very narrow layer. In 
plants affected with crinkle mosaic, on the other hand, in leaves on 
which the symptoms of mottling had become pronounced, many of 
the cells of the chlorotic areas were found to contain an excessive 
amount of fairly dense, vacuolate, protoplasmlike material, which 
was especially noticeable in the palisade and mesophyll cells. This 
material stained a blue-gray to deep blue-black shade with the iron- 
alum haematoxylin, and w T as present in varying amounts in different 
cells of the same tissue. In the palisade cells it was frequently seen 
as a bridge extending across the cell (pi. 3, A, p z , C, p u and fig. 2, C, D), 
as a dark band or mass lying against one or more of the walls (pi. 3, 
A, p l9 p 2) C, p 2 ), or as an irregular, more diffuse mass, occupying a 
large portion of the cell (pi. 3, D, p, and fig. 2, B). In the mesophyll 
tissue it took the form of an irregular mass (pi. 3, B, p 2 ) or a narrower 
band lying against the cell wall (pi. 3, B, p x ). Similar material 
occurred in the epidermal cells and in the parenchymatous tissue sur¬ 
rounding the larger veins. In other cells of the same tissues the 
material appeared as if partially rounded up and approaching in 
form that of a definite “body.” (PL 3, C, p± and fig. 2, F.) In still 
other cells the same material was present but in the form of a quite 
definite, rounded mass or “body” (pi. 3, D, b u b 2 ) evidently similar 
to the “amoeba-like bodies” described by Smith. The dark green 
areas of the leaf, on the other hand, contained little or none of this 
vacuolate material. Portions of leaf material taken a week or more 
later from the same plant and from leaflets of about the same size 
were found to contain definite bodies of this type in the chorotic areas 
in much greater abundance, while the irregular or indefinite forms of 
the same vacuolate substance were more rare. Such bodies are 
shown in Plate 1, E and F, and in Plate 2, A and B. The chloro- 
plasts in the chlorotic areas w^ere now found to be gorged with starch 
in both palisade and mesophyll tissues. The bodies w r ere usually 
round or oval in shape, sometimes rather irregular in outline, but 
very definite. They were about twice as large in diameter as the 
host nucleus, and appeared to consist of a coarsely granular material 
containing one or more vacuoles. They w r ere often situated in close 
contact with the nucleus, sometimes appearing attached to it, but 
at other times lying free. They seldom showed any clear indication 
of a limiting membrane, nor was any structure observed w r hich could 
be interpreted as a nucleus, either in them or in the irregular vacuolate 
masses previously described. The bodies were somewhat similar to 
those of tobacco mosaic, but were on an average considerably larger; 
they usually contained fewer and larger vacuoles and were of a more 
coarsely granular nature. Occasionally, forms were observed winch 
appeared to be drawn out at one point into a narrow r projection 
resembling an appendage. The bodies often appeared to be attached 
to, or in close union with, the cytoplasmic layer of the host cell. 
(Fig. 2, G.) Material taken from leaves very soon after these had 
developed symptoms contained no definite bodies, though a certain 
amount of vacuolate material was present in irregular or indefinite 
forms. Since the definite bodies apparently do not occur in the 
tissues until somewhat later in the development of the disease, and 
since a series of intermediate forms can be found between the irregular 
masses of vacuolate material and the bodies, it is suggested that the 
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latter are formed by a process of rounding up of the vacuolate 
material in the host cells. 

The bodies and other forms of vacuolate material were studied also 
in fresh, unstained tissues by means of free-hand razor sections 
mounted in water or in physiological salt solution. In this condition, 
the vacuolate material appeared similar in form and structure to 
that observed in the stained preparations. It was seen to consist of 
a colorless, hyaline substance, protoplasmic in appearance and closely 
resembling the cytoplasm of the cell, with which it was in apparent 
continuity. In the stained slides it was observed that, wherever 
plasmolysis had occurred in the process of fixation, the vacuolate 
material had drawn away from the cell wall together with the cyto¬ 
plasmic layer (pi. 3, C, p 4 )> indicating some kind of union with, or 
attachment to, the cytoplasm, and suggesting a common origin. 

As to the nature of this material, it is not believed to be a degenera¬ 
tion product of the nucleus, as Smith suggested, since many of the 
cells which contain the substance, either as a definite body or as an 
indefinite mass, contain also an apparently normal nucleus. (PL 2, A, 
pi. 3, A, B, and fig. 2, B, D.) It is suggested, however, that it may 
be cytoplasmic in nature, representing some modification or abnormal 
form of the host cytoplasm. 

Bodies and vacuolate material similar to those of crinkle mosaic 
have been observed also in association with rugose mosaic on Bliss 
Triumph, Green Mountain, and Early Ohio potatoes, with “Montana 
crinkle” on Rural New Yorker potatoes, with leaf-rolling mosaic on 
Green Mountain potatoes and with mild and supermild mosaics on 
American Wonder potatoes. Plate 2, C, shows a body in the leaf of 
Green Mountain potato affected with rugose mosaic, and Plate 2, D, a 
mesophyll cell of the same tissue completely filled with the vacuolate 
material. Plate 2, E, shows a large mass of vacuolate material in a 
leaf-hair of American Wonder potato affected with supermild mosaic. 
With the exception of “Montana crinkle” on Rural New Yorker 
variety, however, the bodies were of less frequent occurrence in all 
these cases, though in Bliss Triumph potatoes affected with rugose 
mosaic the vacuolate material was extremely abundant, occurring in 
almost every cell. (PL 3, E.) Here the nuclei frequently appeared at 
first sight as if partially dissolved or degenerating (pi. 3, E, n), but a 
more careful examination showed that this was due to the partial 
concealment of the nuclei by the vacuolate material, and in cells 
containing definite bodies the nuclei were normal in appearance. In 
earlier stages of the development of this disease on Bliss Triumph 
variety, the vacuolate material was much less abundant and was ap¬ 
parently limited to narrow bands or masses lying against the wall of the 
cell, and containing few or no vacuoles. (Fig. 2, H.) In American 
Wonder variety affected with mild and supermild mosaics, the vacuo¬ 
late material was not very abundant in the cells and definite bodies 
were of relatively rare occurrence. This may, perhaps, be correlated 
with the comparatively mild symptoms produced by these two 
mosaics. Similar vacuolate material, but no bodies, were observed 
also in association with supermild mosaic on Burbank, and with rugose 
mosaic on Cobbler, King, and Burbank varieties, and it is possible 
that, in some cases at least, definite bodies would have formed had 
the plants been kept for a sufficient length of time. On the other 
hand, no such vacuolate material was observed in association with 
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calico and leaf roll on Burbank or with streak on Bliss Triumph 
variety. 

Further investigations of the origin and development of this 
vacuolate material are in progress. 

A second type of inclusion was present in the stained material in 
association with all the virus diseases studied with the exception of 
calico, leaf roll, and streak. This consisted of a brownish substance 
occurring in irregular masses in the different tissues of the leaf, 
sometimes in cells which contained the vacuolate material, and some¬ 
times in cells where this was not present. (PL 2, A, D, m, and fig. 2, 
D, H.) This substance was not observed in this form, however, in 
fresh, unstained tissues and its origin has not yet been determined. 
No striate material was found associated with any of these diseases 
of the potato. 

On inoculation of the ordinary tobacco mosaic virus to potato 
(Rural New Yorker and Green Mountain varieties) both x-bodies 
and striate material appeared in abundance in the cells and were 
similar to those occurring in other host plants affected with this 
virus. (PL 2, F, and fig.2, J.) In addition to these inclusions, many 
cells were found to contain irregular masses of vacuolate material 
similar to that associated with the potato mosaic diseases already 
described. This material stained somewhat more lightly than the 
tobacco bodies and was readily distinguishable from the latter on 
this account as well as by its irregular form and larger vacuoles. 
Frequently a single cell was found to contain a tobacco x-body and 
striate material as well as the vacuolate material. (Fig. 2, E.) 

In the potato virus group, cytological evidence at present suggests 
that some, at least, of the viruses may be closely related, since 
vacuolate, protoplasmlike bodies of a similar nature are associated 
w T ith several of these diseases. On the other hand, since no inclusions 
were found present in the case of leaf roll, calico, and streak, their 
production is eviden tly characteristic only of certain virus diseases of 
potato. 

DISCUSSION 

The results described in the preceding pages have a bearing both 
on the proposed classification of plant viruses (18) and on the nature 
of the x-bodies, or protoplasmic inclusions, present in certain mosaic- 
diseased tissues. 

In the first place, it has not been found possible, as was originally 
hoped, to establish, to any great extent, any means of classification 
of viruses on the basis of microscopical features of the diseased tissues. 
It has, however, been shown that the production of cell inclusions in 
the tissues of various host plants is characteristic of certain viruses 
only, and must, therefore, be ascribed to some specific character or 
property of these viruses and not of the host plants. It follows that 
the presence of such inclusions may in these cases be employed as an 
additional means of identification of the viruses in question, and it is 
believed that in the future such features will become of more general 
application in the recognition of certain virus diseases in cases where 
a single host plant is susceptible to more than one virus. The need 
of some system of classification of plant viruses is already apparent 
and has been discussed in detail elsewhere (13), and it is believed that 
cytological features such as those now under consideration will prove 
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of value in supplementing other known diagnostic characters in any 
established system of classification. 

The more fundamental considerations, however, are those which 
relate to the nature of the x-bodies or protoplasmic inclusions, which 
have been variously interpreted as protozoa or other living organisms 
and the causal agent of the disease in question, and as certain degen¬ 
eration or reaction products of the host cells. 

The constant association of these bodies with tobacco mosaic on 
various host plants is in harmony with the causal organism theory. 
It must, however, be remembered that the striate material is also a 
constant feature of the disease, yet this substance is crystalline in 
nature and can hardly be a form of living organism. On the other 
hand, if the x-bodies are of a causal nature, it is to be expected that 
they would be constantly associated with a large number of, if not 
all, mosaic diseases, Up to the present, they have been reported in 
connection with 10 different plant diseases, namely, mosaic of tobacco, 
com, sugar cane, Fiji disease of sugar cane, mosaic of wheat, Hip - 
peastrum eguestre , H. johnsonii, Chinese cabbage, potato, and dahlia. 
Few reports have yet been made of plant virus diseases with which 
such bodies are definitely not associated. McKinney (21) was unable 
to find definite inclusion bodies in the case of mosaic of cucumber, 
raspberry, or sweet clover, though he does not consider these negative 
results as final. Smith (81) recently states that intracellular bodies 
were not observed in mosaic Aquilegia and only rarely in pokeweed, 
though she gives no indication of the type of mosaic with which she 
was working. Evidence is presented in this paper of eight virus 
diseases of solanaceous plants with which such inclusions definitely 
do not occur, at least under greenhouse conditions. These are: Cu¬ 
cumber mosaic, speckled tobacco mosaic, mild tobacco mosaic, spot 
necrosis, ring spot, bleaching mosaic, tomato stem necrosis, and petu¬ 
nia mosaic. Neither have inclusions been observed so far in associa¬ 
tion with leaf roll, streak, or calico of potato. The mosaic of petunia 
described by Smith (81) which produced inclusion bodies and striate 
material similar to those of tobacco mosaic on tobacco is believed to 
be ordinary tobacco mosaic on petunia, and not the petunia mosaic as 
described by Johnson (11) and now’ under consideration. It is believed 
furthermore, that a number of other mosaic diseases will be found 
to show no inclusion bodies in the host tissues, and it is hoped that, 
in the future, investigators w 7 bo look for such bodies will make a 
definite report even in the case of negative results. It is, of course, 
possible that all virus diseases are not due to a similar cause, and this 
appears probable when one considers diseases such as the “yellows” 
group on the one hand,and the “mosaic” group on the other. The 
diseases under discussion, however, for the most part come within 
the mosaic” group, and it is more difficult to conceive of such dis¬ 
eases as tobacco and cucumber mosaic, for instance, as falling into 
different categories since these show 7 so many striking resemblances. 

While it is too early yet to draw final conclusions concerning the 
vacuolate bodies associated with the potato virus diseases, the 
evidence bearing on their origin is very suggestive. If these bodies 
actually represent some modification or abnormal form of the host 
cytoplasm, then it is likely that the x-bodies of tobacco and other 
mosaics are also products of diseased cells and not the causal agents 
of the diseases with which they are associated. 
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SUMMARY 

Two types of cell inclusion, namely, x-bodies and striate material, 
previously described in association with tobacco mosaic on tobacco, 
are found to be a constant feature of this disease on solanaceous host 
plants which develop definite symptoms of mottling or chlorosis. 

Similar inclusions are associated with two other virus diseases of 
solanaceous plants, namely, yellow tobacco mosaic and medium 
tobacco mosaic, which appear from various considerations to be 
closely related to ordinary tobacco mosaic. 

Eight other virus diseases are found to produce no inclusions of 
either type in any of the solanaceous hosts examined. 

It is believed that the presence or absence of such inclusions will 
prove of more general application in the identification of certain dif¬ 
ferent virus diseases in cases where a single host species is susceptible 
to more than one virus. 

An abnormal, vacuolate, protoplasmlike material occurs in the 
cells of potato in association with several different virus diseases. 
This material appears in various forms, either as definite bodies or as 
irregular masses whose appearance suggests intermediate stages 
between the bodies and the host cytoplasm. 

It is believed that the evidence presented in this paper is on the 
whole in favor of the view that the x-bodies are not of the nature of 
a causal organism. 
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Studies on Virus Diseases of Solanaceous Plants 


Plate 1 



Photomicrographs of cell inclusions present in the leaves of certain mosaic-diseased plants. 

X "S5 

A—Tobacco mosaic on tobacco X-body and nucleus (n) m a hair cell 
B—Tobacco mosaic on tobacco (nucleus slighty out of focus). 

C. —Tobacco mosaic on tobacco. Large x-body in a hair cell This was one of the 
largest observed m this type of material. 

D. —Yellow tobacco mosaic on petunia. Very large. eoar^elj granular body (Y m contact 
with slightly crushed nucleus \ n\, 

E. —Crinkle mosaic on Green Mounta-ii potato. Boavflo and nueh-ua incmdcnni.U ell 
F— Crinkle mosaic on Green Mountain potato. Body ib< and part of nucleus ir>j m 

palisade ceh 
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FORM-CLASS TAPER CURVES AND VOLUME TABLES 
AND THEIR APPLICATION 1 

By C. Edward Behre 2 

Associate Silviculturist , Forest Service, United States Department of Agriculture 
I. GENERALIZED TAPER CURVES AND VOLUME TABLES 

NEED FOR IMPROVEMENT OF TREE VOLUME TABLES 

As an aid in determining the contents of stands of timber in timber 
cruising and growth studies, foresters are accustomed to use volume 
tables showing the average volume in a given unit of product of trees 
of different diameters and heights. These tables have generally 
been made up for each individual tree species, and for species occur¬ 
ring over a wide range of territory different sets of tables have often 
been constructed in different portions of their range. It is desirable 
to have tables vrhich will be applicable over as wide a range as 
possible in order to eliminate the necessity of special studies for the 
construction of tables from local material for each individual forest 
or project. In the construction of tables for general application 
measurements have been made on large numbers of trees of a given 
species covering every possible condition in many localities and 
these have all been averaged together to give a single average volume 
for each diameter and height class. In spite of the enormous amount 
of work necessary for the construction of such tables, experience has 
shown that they are often not dependable for timber cruising nor for 
the more exacting demands of growth and yield studies. The work 
reported in this paper was commenced by the author at the School of 
Forestry, University of Idaho, in 1920, and the principal findings 
(5) 3 were reached at that institution before the author became 
connected with the United States Department of Agriculture, Forest 
Service, at the Northeastern Forest Experiment Station, in the fall 
of 1923. Under the auspices of the Forest Service the work was 
amplified and elaborated in preparation for its publication. The 
report is, therefore, a cooperative contribution from these two 
institutions. 

The volume of a tree is dependent upon three factors—diameter, 
height, and form. Volume tables of the conventional type described 
above recognize only differences according to diameter and height 
and show volumes corresponding to the average form of the material 


1 Received for publication June 6,1927; issued November, 1927. 

2 The author wishes to acknowledge his indebtedness to J. Phillip Drissen, James Farrell, Harold Z. 
White, and Rodgers G. Wheaton, formerly students at the University of Idaho, for their share in the initial 
stages of the project, and to Donald Bruce, Joseph Kittredge, E. N. Munns, F. S. Baker, and "Walter H. 
Meyer, of the U. S. Forest Service, for valuable suggestions m the preparation of the manuscript, 
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from which they are constructed. Unless the form of the timber 
to be measured happens to average the same as the form of the trees 
from which the volume table was constructed it is evident that the 
table will not give a correct estimate of the volume of the timber. 
In attempting to include material from all possible conditions in the 
construction of volume tables the object is to get figures representing 
the true average form of the species in question, but in application, 
due to differences in density, age, site, or other factors, the timber 
over large areas may vary widely in form from the true average for 
the species and thus reduce the dependability of the tables for any 
particular stand. It has been recognized that differences in average 
form of the timber due to such local factors as those mentioned may 
cause more variation in volume for a given size class than a difference 
of a thousand miles in range. 

In the construction of taper curves, which show the average diam¬ 
eter at any point on the stem for trees of different diameter and 
height classes, the same difficulty is encountered. Charts are con¬ 
structed which attempt to show the average taper of the trees for any 
size class but no consideration is given to the fact that the actual 
tapers in a given stand may differ widely from this average. 

In order to get dependable results in timber estimating, under all 
conditions, tables are needed which take into consideration the 
factor of form. In studying the growth of young timber it is found 
that volume tables made up from measurements of trees in virgin 
stands do not give reliable results. Tables differing from those for 
forest-grown material may also be necessary for timber grown in 
open old fields. In some species at least the growth of trees left 
after logging is known to be distributed over the stem in a manner 
differing from that in the original stands, and thus volume tables 
based on measurements of trees in the original stand may not be 
reliable in measuring the development of the residual crop. All 
these difficulties in the application of the conventional volume tables 
based on diameter and height alone are due primarily to differences 
in average form and may be more effectively met by a system which 
recognizes the factor of form in the basic tables. 

The factor of form may be considered as the product of three 
components. In the first place, the shape of the main portion of 
the stem above the butt swell must be considered by itself. This is 
expressed by the type of form curve exhibited and is usually de¬ 
scribed under the categories of neiloidal, conical, or paraboloidal, 
although it will be shown that trees more generally approximate a 
hyperboloid in shape. 

In the second place, trees vary in rate of taper independent of the 
type of form curve they exhibit. This is expressed by differences 
in form quotient or absolute form factors, and timber is usually 
described in respect to this component as full-boled or rapid in taper. 

Finally, trees differ markedly in bark thickness and amount and 
upward extension of butt swell. This is important in timber esti¬ 
mating because the accepted standard for measuring standing timber 
is the diameter outside bark at breast height. For trees of the same 
shape and rate of taper in the main portion of the stem, the wood 
volume will vary for a given breast-high diameter, according to the 
thickness of bark and amount of butt swell at breast height. 
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DEVELOPMENT OF THE FORM-CLASS SYSTEM IN SWEDEN 


In Sweden, form-class volume and taper tables have for a number 
of years been used as the basis for timber estimating. In these 
tables the trees are classified not only by diameter and height but 
also by form quotient, which is defined as the ratio between the 
diameter at one-half the height above breast height and the diameter 
at breast height. The form quotient, originally proposed by Schiffel 
{25) and later modified by Jonson {13) is the best expression of tree 
form yet developed. 

Previous to Jonson's work, Schiffel {25) and Maass {18, 19) had 
demonstrated that for trees of a given height and form class, taper 
was independent of diameter. In 1910 and 1911 Tor Jonson, work¬ 
ing with Norway spruce (Picea excelsa) and Scotch pine (Pinus 
sylvestris), showed, that taper for trees of a given form class was 
independent of height as well as diameter. His work also indicated 
that different species of conifers, and possibly of hardwoods as well, 
might be measured by the same set of generalized taper curves, 
since it is reasonable to assume that all species taper in accordance 
with the same fundamental growth principle and that many species 
might express this in similar manner. 

The form-class taper and volume tables now in general use in 
Sweden were computed by Tor Jonson from a formula developed 
by A. G. Hojer in 1903 (10) from measurements of Norway spruce. 


This formula gives the diameter at any point on the stem in per¬ 
centage of diameter at breast height. It has the {orm^==Clog~^ 


in which D is the diameter at breast height, d is the diameter at dis¬ 
tance Z from the tip, and C and c are constants varying with the 
form quotient of the timber. As l is expressed in percentage of the 
total height above breast height, the equation is general and applicable 
to trees of any size class. 

Tor Jonson (IS, Ik) showed that Hojer’s equation was in close 
conformity to the actual tapers of Norway spruce, but in comparing 
it with the actual tapers of Scotch pine he noted a considerable 
falling off in the tops, which he attempted to correct by the intro¬ 
duction of a so-called “biologic,’ 5 constant in the original equation, 


making it read jj^C log — 


for Scotch pine. In spite of this 


‘failure of Scotch pine to conform exactly to the original equation, 
Jonson decided that the deviation was not so serious but that the 
volume tables would be sufficiently accurate for this species as well 
as Norway spruce. 

In using the form-class tables no attempt is made to estimate the 
form of each individual tree, but an estimate is made of the average 
form of the stand and the table for the corresponding form class 
is used for all the trees in the stand. The use of a single average 
form quotient for the entire stand is based on the proposition that 
most of the trees in the stand will have very nearly this average 
form and that the trees having a better form will be offset by those 
having a poor form. The validity of this proposition is a subject for 
investigation. 

It is difficult to determine the average form quotient of the stand¬ 
ing timber .by actual measurement of the middle diameters of the 
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trees, but by the use of the form-point idea Jonson (15) developed 
an indirect method of estimating the average form of the timber. 
As a basis for the form-point method, Jonson assumed that the wood 
is laid on according to the stress to which the stem is subjected in 
supporting the crown, and that the wind,. exerting its pressure 
against the crown, is the chief agent in setting up stresses in the 
stem. The distribution of the stresses in the different portions of 
the stem, which results in differences in form of the trees, therefore, 
depends upon the size, shape, and position of the crown. The form 
point is defined as that point in the crown where the wind pressure 
may be considered as concentrated, which usually will correspond to 
the center of gravity of the area presented to the prevailing wind. 
The relative height of the form point in the tree is thus an index 
of the length, size, and shape of the crown, and therefore an index 
of the form of the stem. The form-point height is expressed as per¬ 
centage of the total height of the tree and is measured very rapidly 
with the use of a Christen hypsometer divided into 10 equal divi¬ 
sions. Jonson worked out a table showing the form quotient corre¬ 
sponding to different form-point heights for Norway spruce of differ¬ 
ent total height classes. He also found that density is a good indi¬ 
cator of the average form of the stand, and suggests that with a 
little practice the average form of a stand can be judged very well 
on the basis of its density. 

Although Jonson ? s form-point idea is apparently giving satisfac¬ 
tory results in practical use in Sweden, the wind-pressure theory upon 
which it is based is by no means universally accepted. Hohenadl 
(11) presents convincing argument for the theory that the tree stem 
is built up in such a manner as to best support its own weight rather 
than to resist lateral bending from wind pressure. According to 
Hohenadl the diameter at any point on the stem is a function of 
the weight of the tree above that point and the mechanical strength of 
the section at the point in question. The form-point idea might be 
adapted to this conception just as well as to the wind-pressure 
theory. For trees of average development there would be little 
difference in the relative height of the form point according to the 
two theories. The fact that little difficulty has been experienced in 
the use of the form point in Sweden does not, therefore, either prove 
or disprove the correctness of Jonson's conception. 

Another factor which enters into the application of these tables is 
the effect of the bark thickness and butt swell extending above 
breast height upon the form quotient of the timber. The formula 
used in computing the tapers applies for diameters inside bark and 
takes no account of any inflection of the stem curve toward the base 
of the tree which results whenever butt swell extends above breast 
height. The basis for application of volume tables is commonly 
the diameter outside bark at breast height so that different form 
quotients as well as different volumes will be indicated for the same 
d. b. h. 4 class when there are differences in thickness of bark or amount 
of root swell at the breast height point. 

For the thin-barked Norway spruce, Jonson (13) found the form 
outside bark to be essentially the same as the form inside bark; 
but for Scotch pine (14) he found great differences in bark thickness 


* D, b. h,=diameter at breast height. 
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in the timber from different portions of the country, which made 
the form outside bark poorer in varying degrees than the form 
inside bark. He also noted that when the root swell extended above 
breast height the indicated form quotient was lower than the actual 
form of the tree, but apparently this distortion was not general and 
Jonson suggests no satisfactory method of dealing with it. 

Mattsson {20) has made a detailed study of the form and form 
variations of European and Siberian larch. He found their tapers 
almost identical and very similar to the form of Scotch pine as worked 
out by Jonson, although he noted a falling off in the upper sections 
of the tall trees in the larger form classes. The bark thickness was 
found to vary greatly in different stands but these differences could 
not be correlated with any fixed character of the stand but rather 
seemed to be due to heredity or a specialization of the species. Inves¬ 
tigations in growing trees from seed from different countries sub¬ 
stantiated this theory. 

Mattsson found that the butt swell in larch reaches breast height 
in trees 10 meters tall and mounts steadily with increasing height. 
He reached no definite conclusions as to the factors affecting butt 
swell. He found the total range of form class within a stand to be 
25 to 27 form class units, but the trees distributed themselves about 
the average in accordance with the normal probability curve. The 
variation of the form class within a stand could not be connected 
with any special character of the stand nor with the diameters of 
the trees. It was found that the variation of the form quotient 
in trees of the average diameter class was about as great as the total 
variation in form quotient in the entire stand. 

Mattsson found a close correlation between average height of the 
stand and average form class, and in the few cases where estimates 
of the average form according to average height of the stand were 
not satisfactory the deviations seemed to be correlated with the 
density. He concluded that the average form class of the stand 
could be used with plenty of accuracy for practical work if it is judged 
on the basis of density and height or on height alone. Estimation 
of the average form class in this way gives more certain results than 
by the measurement of a number of sample trees unless the number 
of saniple trees is more than forty or fifty. 

From studies of form in fully stocked pine stands {21) Mattsson 
also concluded that a single average form class could be used for the 
entire stand. In this case he stated that the average form could be 
based on direct measurement of a number of sample trees represent¬ 
ing a range of sizes in the stand. The variation interval of the form 
class within these stands was found to be 24 form-class units or about 
the same as for larch. Since in the fully stocked stands of pine the 
form class was found to increase with age, a table giving the average 
form class at different ages for stands of different densities is sug¬ 
gested for practical use in approximate estimation of the stand. From 
a study of the use of the form point for determining the average form 
class of the stand Mattsson found no difficulty in determining the 
form point in pine forests. He found that the difference in the 
estimate of form point by different persons was not more than 1 or 
2 per cent. He concluded that with Jonson ? s form-point table the 
form class is generally estimated too low by about two form-class 
units. Petrini {23) found that Jonson’s form-point function gives 
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an estimate of form class of Norway spruce which is too low by exactly 
the same amount. Both Mattsson and Petrini emphasized the fact 
that the form point gives the stand’s average form class and not the 
form class of the individual stem. 

Petrini (24) investigated the factors affecting the accuracy of form- 
class methods in Lapland pine. He found the bark thickness in¬ 
creasing directly with the diameter of the trees, the ratio between 
bark thickness and diameter breast high being 11.4 per cent. This 
relation appeared to be constant in all stands covered by the investi¬ 
gation. The root swell extended above 10 per cent of the trees’ 
height in some instances and seldom averaged more than 3 per cent 
of the diameter breast high in any stand. It begins to affect the 
breast-height diameter in trees about 7 inches in diameter and in¬ 
creases rapidly with increasing diameter of the trees. Jonson’s 
form-point function gave form-class values for pine running as much 
as 6.5 form-class units below the true form of the material. 

In the fall of 1920 the writer began to investigate the applicability 
of the Swedish form-class system to American species. In the 
present paper it will be shown that many American commercial 
conifers are essentially alike in their taper in the main portion of the 
stem, and that the generalized equation of the stem curve can be 
expressed more exactly by a much simpler formula than that used 
in Sw r eden. From this it follows that if suitable methods of allowing 
for bark thickness and butt swell and of estimating the average 
form of timber in the field are developed, a single basic set of form- 
class taper curves and volume tables can be used for all species known 
to conform to the formula. 

DEVELOPMENT OF NEW FORMULA FOR THE STEM CURVE FROM WESTERN YELLOW 

PINE MATERIAL 

Measurements of the taper of 201 western yellow pines (Pinus 
ponderosa) in north Idaho were collected as a basis for testing the 
conformity of this species to Hojer’s (10) equation, upon which the 
Swedish volume tables are based. This material included trees 
ranging in age from 30 years to overmaturity, and in size from 4 
inches to 44 inches d. b. h. Trees were selected from stands of various 
types and on various sites. Very open grown as well as normal and 
overcrowded trees were included. In taking these measurements 
the breast-height point was first carefully located. Then the height 
from this point to the tip was measured with a tape, great care being 
taken to locate and measure the true tip whenever this had been 
broken off by the fall of the tree. The average diameter outside 
bark at the stump, breast height, and each tenth of the stem above 
breast height was then determined by measuring in two directions 
with a caliper. At each point of measurement the average bark 
thickness was measured by chopping into the tree on opposite sides 
of the stem. 

The taper of each tree was then plotted, height above ground on 
diameter inside bark, in order to study the root swell and eliminate 
any effect it might have on the breast-height diameter. Wherever 
the reverse curve of the root svrell extended above breast height the 
normal convex curve of the upper portion of the stem was continued 
downward to breast height, and from this was read what is called 
the 11 normal” diameter of the tree. The accuracy with which this 
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prolongation of the stem curve is accomplished is subject to a graphic 
check in the averages as described on page 736. This check can be 
applied to the first few stems plotted to serve as a guide for handling 
this part of the procedure. 

Each of the upper diameters was then divided by this normal 
diameter with the slide rule, thus expressing the tapers of the tree 
in general terms of percentage of normal breast-height diameter 
for different percentages of the height above breast height. In 
this form the tapers of trees of all diameters and heights can be 
averaged together on the basis of form and the results compared 
to the values given by a generalized equation of stem form. The 
trees were grouped into form classes on the basis of their “normal” 
form quotient, as contrasted to the actual form quotient which would 
be obtained without correction for root swell. These average 
percentile tapers are presented in Table 1. 

Table 1 . —Percentile tapers of western yellow pine 


Form class 


Percentage of length from tip to breast height 


Basis 
num¬ 
ber of 
trees 

90 

80 

70 

go ; 

so ; 

i 

40 

30 

20 

10 


Percentage of “normal 

” d. i. 

b.« at breast height 


45___ 

89.7 

76.1 

68.9 

55.7 ; 

f 

46.6 * 

36.2 ! 

26.0 

17 7 

10.0 

3 

55. 

92.2 

83.3 

74.3 

63.5 ! 

54.8 j 

45. S 

34.5 

242 

12.7 : 

6 

60... 

93.8 

85.5 

78.2 

69.8 ’ 

59.9 1 

50.0 

37 8 

27.3 

15.1 

17 

65. 

93.5 

88.6 

82.6 

75.5 1 

65.7 ! 

56.5 ; 

446 

31.0 

18.8 ' 

29 

70.... 

95.2 

90.5 

85.1 

78.7 - 

70.6 . 

60.9 i 

50.2 

36.5 

21.2 

55 

75..... 

95.9 

91.8 

87.2 

81.3 

74.9 | 

66.3 1 

55.3 

40.7 

23.2 

70 

80. 

96.7 

93.9 

90.7 

85.2 , 

79.1 ! 

70.3 I 

59.4 | 44 4 

25.7 

18 

85.. 

97.5 

95.1 

92.6 

87.5 : 

83.5 | 

74.9 | 

61. 2 j 45.4 

33.1 

1 

3 


° X). i. b.=diameter inside bark. 


The figures in Table 1 are the raw averages of the material, and it 
will be noted that direct comparison with Jonson’s table of values 
from Hojer's equation for the different form classes is impossible 
because in no case does the raw average fall exactly on the class 
average to which it belongs. By harmonizing the raw averages 
through a system of plotting and replotting, values for the even form 
classes could be interpolated; but this is not necessary, as a more 
satisfactory comparison can be made from the raw averages by plot¬ 
ting them along with the values from Jonson’s table as in Figure 1, 
with form classes as abscissae, upper diameters expressed as per¬ 
centage of normal diameter breast high as ordinates, and a curve 
for each tenth of the stem above breast height. Values derived from 
a new equation, to be discussed presently, are also shown in Figure L 
It is evident from Figure 1 that in the lower form classes western 
yellow pine is quite consistent with Hojer’s equation, but that in the 
larger form classes the diameters are much below the values from the 
equation in the upper portions of the stem and somewhat above them 
in the lower portions. 

Jonson’s figures for Scotch pine fell below HojeFs equation in the 
upper sections of the larger form classes in the same manner. His 
modification of the equation by the use of the “biologic” constant 
2.5 gave him better results. This constant lowers the curve for the 
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section ^=10 in Figure 1 about three units in all form classes without 
materially changing its shape, and this effect so rapidly decreases in 
the sections below this that it is negligible in the lower half of the 
stem. In this way the values in the upper form classes are not reduced 
sufficiently and the values for the upper sections of the lower form 
classes (appearing in the lower left portion of the chart) are thrown 
too low. Increasing the biologic constant gives no better result. 



45 50 55 60 65 70 75 80 85 

FORM CLASS 

Fig. 1 .—Percentile tapers of western yellow pine compared with formula values 


When the biologic constant is 7.5 a good fit is obtained for form 
class 75 in all except the top section and form class 80 is somewhat 
improved, but the conformity of the lower form classes is entirely 
destroyed. The biologic constant makes a practically uniform 
reduction in the upper diameters of all form classes, whereas the 
variations noted in nature are confined to the higher form classes. 
Furthermore, increasing the value of the biologic constant exagger- 
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ates the inconsistency of the equation to a degree that can not be 
overlooked. This inconsistency lies in the fact that with the biologic 
constant the equation gives no diameter to that portion of the top 
of the tree represented by this constant. For small values like 2.5 
per cent this is not serious, but the curve becomes entirely incom¬ 
patible with nature if the value must be increased as high as 7.5 
per cent. 

Since the average values of the tapers of trees fall very nearly on 
a smooth curve, it seems probable that a relation does exist which 
may be represented mathematically by the equation of a curve, 
and if all trees lay on their growth in accordance with the same law 
such an equation ought to apply quite generally among different 
species. It seems evident that Hojer’s equation fails to meet this 
requirement, as Norway spruce appears to be the only species 
approaching its value in the larger form classes. An attempt was 
therefore made to develop with the western yellow pine material an 
equation which wmuld better express the normal taper of forest trees. 

Graphic methods as presented by Lipka (17) were used in this 
analysis. The form of the curve of the experimental material gives 
some hint of the nature of the equation. It is desirable to choose an 
equation of the simplest possible form, the correctness of the form 
being tested by “rectifying” the curve, i. e., by rewriting the assumed 
equation in the form of a straight line in certain functions of the 
original variables. The data are then plotted with these functions 
of the original variables as coordinates; if the points of this plot 
appear to be on, or very near a straight line, then this line can be 
represented by the “rectified” equation, and hence the original 
curve by the assumed equation. When satisfied with the form of the 
equation chosen, it is necessary to determine values for the constants 
or coefficients appearing in the equation. The results should then 
be checked by new experimental material. 

Table 2 . —Ratio of percentage of lejigth from tip to percentage of normal d. i. b. a 
at breast height—x/y; western yellow pine 


Percentage of length from tip to breast height =2 


Form class 


80 

70 1 60 

50 

40 ! 30 

1 

20 


Values of xfy 


45_. 

.i 100.3 

105.1 

101.6 

107.7 

107.3 

110.5 

115.4 

113.0 

mo 

55. 

.! 97.6 

96.0 

94.2 

94.5 

91. 2 

87.3 

87.0 

82.6 

78.7 

60. 

.—! 95.9 

93.6 

89.5 

86.0 

83.5 

80.0 

79.4 

73.3 

66-2 

65... 

_i 96.3 

90.3 

84.7 

79.5 

76.1 

70.8 

67.3 

64.5 

53.2 

70. 

.. 94.5 

88.4 

82.3 

76 2 

70.8 

65.7 

59 8 

54.8 

47.2 

75„ .. 

.: 93.8 

87.1 

80.3 

73.8 

66.8 

60,3 

54.2 

49.1 

43.1 

80. 

. 93.1 

1 85.2 

77.2 

70.4 

63.2 

56.9 

50.5 

45.0 

38.9 

85__ 

. 92.3 

84.1 

75.6 

68.6 

59.9 

53.4 

49.0 

40.1 

30.2 


° D. i. b.=Diameter inside bark. 


After a number of trials with equations of other types, the equation 


of the form V^dCCbx re P resents aD - hyperbola, was found to 


correspond quite well with the western yellow pine material. This 
equation may be written x/y^a + bx, whereupon it becomes an equa¬ 
tion of the first degree in x/y and x, and plotting with x/y and x as 
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coordinates should give a straight line. In this equation x corre¬ 
sponds to l of Hojer’s equation and y to d/D , a and h being constants 
varying with the form class. The variable y may, therefore, be 
defined as the ratio of the diameter at distance x from the tip to the 



Fig. 2.—-Plotting of xjy on x showing conformity to v~^f xy from data on western yellow pine, 201 

trees, north Idaho 


normal diameter at breast height, the distance x being expressed as 
percentage of the total height above breast height. Table 2 gives 
the corresponding values of x and xjy for the western yellow pine 
material as computed from the data in Table 1. 
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Figure 2 shows how nearly these values fall into straight lines 
when plotted. The scale of ordinates is moved downward 0.10 
unit for each form class after 55 in order to keep the lines apart and 
present them more clearly. It will be noted that form classes 70 
and 75, which have the best basis in number of trees, fit almost 
perfectly, and that the deviations in all the lower form classes are 
not consistent, but seem rather to indicate erratic averages, resulting 
from an insufficient number of trees. In form classes 80 and 85, 
however, there seems to be a definite tendency for the values of x/y 
for the upper sections to diverge upward from the straight line which 
fits the lower portion of the stem. This means that the actual 
diameters fall below the values given by the formula in these sections. 

It should he emphasized that this equation, as well as that devel¬ 
oped by Hojer, is entirely empirical, being an attempt to fit a curve 
to actual tapers as found in the field and is in no way dependent upon 
the fundamental theory of tree growth. No satisfactory formula 
has yet been proposed derived directly and deductively from the 
fundamental theories of tree growth. 

TEST OP NEW EQUATION FOR OTHER SPECIES 

With an equation satisfactorily representing the stem curve of 
western yellow T pine, material for other species was examined to 
determine whether their taper could be measured by the same type 
equation. Table 3 summarizes data which were available for this 
test. 

Table 3. —Material used in comparative tests 


Species 


Source and locality 


' Num- 
i berof 
1 trees 


Num¬ 
ber o£ 
series 


Norway spruce, Picea excelsa a c __ _ J 

Scotch pine, Pinus sylvestris °-1 

European larch, Larix europea 6 __ ' 

Siberian larch, Larix sibinca b . 

Western white pme, Pinus month 
cola.* e 

Do.f-. 


n...i 


Douglas fir, Pseudotsugataxifolia fr..J 
Do.fr.. 

Norway pine, Pinus resinosa c . 

Do. fc .. 

Northern white pine, Pinus stro- 
bus. e 

Do.® c d _ 

White, red, and black spruce ° e d .. 

White spruce, Picea glauca * . 

Red spruce, Picea rubra fr.j 


Do.fr.. 

Do.fr.. 

Do.*.. 


Balsam fir, Abies balsamea a « d . 

Do.&.. 

Do.«... 

Do.'. 

Longleaf pine, Pinus palustris 0 
Shortleaf pine Pinus echinata « fr 
Loblolly pine, Pinus taeda ° fr. 

Gray birch, Betula populifolia _ 

Eastern hemlock Tsuga canadensis e _ 


Jonson, 1910, Sweden... 

Jonson, 1911, Sweden.. 

Mattsson, 1917, Sweden.. 

_do... 

Behre, 1923; U. S. F. S., 1910-1913, north Idaho ... 

Claughton-Wallin, and McVicker, 1920, British 
Columbia. (7) 

U. S. F. S., 1910-1913, North Idaho. 

Claughton-Wallin, and McVicker, 1920, British 
Columbia. 

Claughton-Wallin, and McVicker, 1920, Ontario..) 
Reed, 1924, Massachusetts and New Hampshire... 
Claughton-Wallin, and McVicker, 1920, Ontario 
(young stands). 

Wright, 1923, Ontario (old stands). 

Wright, 1923, Canada. 

Claughton-Wallin, and McVicker, 1920, Ontario.. 
U. S. F. S., 1902, Piscataquis Co., Me. (virgin 
stands). 

U. S. F. S., 1903, New Hampshire (second growth)_ 
U. S. F. S., 1903, New Hampshire (culled forest).. 
U. S. F. S., 1903; Meyer, 1924, New Hampshire 
and Maine (old field). 

Wright, 1923, Canada. 

Meyer, 1923, Maine (second growth). 

Behre, 1924, Franklin Co., Me. (culled forest). 
Behre, 1924, Franklin Co., Me. (old growth).. 

Brown, 1924, southern United States. 

.do. 

1 .i.do... 

Hawley, 1923, Pennsylvania. 

Merrill and Hawley, 1923, Connecticut.... 


47 

94 

503 

229 

139 

16 

72 ! 
11 ! 

81 

36 

29 

342 

865 

6 

132 

20 

44 

92 


18 

20 

73 

663 

416 

338 

177 

55 


4 

12 

3 

6 


® No attempt to eliminate root swell in the averages. 

fr Trees measured at arbitrary intervals in the field, diameters at one-tenth intervals interpolated 
graphically. 

* Trees measured at one-tenth intervals in the field. 

Harmonized and interpolated to even form classes. 
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Figures 3 to 15 show the plotting of x/y on x for these data either 
taken directly from the various authors or interpolated from their 


figures. 



0 to 20 30 40 50 60 70 80 90 100 

X s PER CENT or LENGTH FROM TIP TO BREAST HEIGHT 

Fig. 3.—Plotting of xjy on x showing conformity to from data on Norway spruce and 

Scotch pine as given by Tor Jonson 

These charts reveal a striking similarity in the form of the various 
species with the exception of hemlock, and indicate, with this excop- 
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X/y SCALE FOR DOUGLAS FIR, F.C 77.J X/K SCALE- FOR SIBERIAN LARCH. FCCS 
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Fig, 5.—Plotting of x/y onx showing conformity to from data on Siberian laich as given 

by L. Mattsson; Douglas fir, north Idaho; and Douglas fir, British Columbia 


S33NJ. 'ON- 9IGVQ 
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X 


a + bx 


It 


tion, a satisfactory conformity to the type equation y=* 

will be noted, however, that in many of the species there is still a 
definite and constant tendency in -some classes for the tops to fall 
below the values given by the formula, as indicated by the divergence 



Fig. 6.— Plotting of x(y on x showing conformity to from data on western white pine 

in north Idaho and British Columbia 


upward from the straight lines of the points for the upper sections. 
This divergence in the tops varies with the different species, but 
seems to be fairly constant within the species. It is practically 
negligible in all the species studied except hemlock and balsam fir up 
' to form class 65 but increases rather rapidly above form class 70. 
The nature of this variation will be discussed later. 
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DIRECT COMPARISON OP SPECIES TAPERS 

In order to bring all the material together for direct comparison 
the different series can be plotted on one chart by the method of 



Fig. 7.—Plotting o txfy on x showing conformity to from data on young northern white 

pine in Ontario, red pine m Ontario, and red pine as given by Reed 


Figure 1. In this chart form classes are abscissae, values of y are 
ordinates and a separate curve is drawn for each value of x . The 
values for any series, therefore, appear as a set of points on the 
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vertical line corresponding to its true form class. In order to deter¬ 
mine the proper form-class line on which to plot a series it is necessary 
first to be sure that root swell is correctly eliminated from the raw 



70990—27-2 
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Fig. 9. Plotting of xjy on x showing conformity to V=~^ x , > from data on red, white, and 

black spruce 
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raw averages may not indicate the form curve corresponding most 
closely to the series in question if the diameter at breast height is 
distorted by root swell, or if through the chance errors of sampling 



Fig. 10.—Plotting of x/y on x showing conformity to from data on red spruce 

either the diameter at breast height or the diameter at the mid-point 
is out of line with adjacent sections. Both of these corrections can 
be made easily and satisfactorily by the use of the straight line test 
charts of x/y on x. 




PC/y SCALE FOR BALSAM FC 67 7 x/y SCALE FOR RED SPRUCE FC 
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Fig. 11.— Plotting oixfy on x showing conformity to from data on old fields of red spruce; 

balsam fir in Canada, as given by W. G. Wright; and second-growth balsam fir in Maine 





x /y SCALE FOR LOBLOLLY FINE F C 60 x /y SCALE FOR BALSAM F C 75 
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X 

Fig. 12.— Plotting of xjy on x showing conformity to y from data on old-growth and culled 

forest balsam fir in Maine, and loblolly pine as given by R. M. Brown 
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In Figures 2 to 14 it will be noted that in many of the series, 
especially those in which no attempt was made to eliminate root 
swell in the preliminary compilation, the value for the breast-height 
point (£=100) falls considerably below the straight line best fitting 
the intermediate sections of the tree. This deviation is the result 



Fig. 13.—Plotting olxjy on x showing conformity from data on long-loaf and short-leaf 

pine as given by H. M. Brown 


of the distortion of the normal curve by root swell, and so the true 
normal diameter at breast height can be calculated from the value 
of x/y read from the intersection of the best fitting straight line and 
its breast height abscissa. Thus, in Figure 3, Scotch pine F. C. 80, 
the straight line best fitting the plotted points in the intermediate 
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sections crosses tlie breast height abscissa at 1.012. The diameter 
to be used as the base for the true normal form quotient is, therefore, 

= 98.8. In a similar manner an examination of the figure 

shows that the value at half height (as = 50) falls slightly above the 
line giving best fit to the series as a whole, indicating that this 
average may be considered somewhat erratic. The middle diameter 



Fig. 14.—Plotting of xjy on x showing conformity to from data on gray birch as given. 

by R. C. Hawley 


to be used in calculating the true normal form quotient is deter¬ 
mined from the intersection of the best fitting straight line with the 

50 

abscissa for the midpoint. Thus, x/y=.Q24: and ^^ = 80.1, the 

“normal 7 ' diameter at half height. The form class line upon which 
this series should be plotted in our comparative chart is, therefore, 
80 1 

100 = 81.1 instead of 79.4 as indicated by the raw material. 
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This new value of the form quotient is more reliable than that 
obtained from the raw material because it is based on the fit of the 
entire stem rather than upon the arbitrary field measurement of the 
two points in question. This principle can be applied to those series 
in which root swell was eliminated graphically before averaging as 
well as to those in which the averaging was done directly from the 



Fig. 15.—Plotting of xjy on x showing conformity to y =-from data on eastern hemlock 


tree measurements, and serves as a check upon the graphic method. 
The straight-line test will reveal in the average any consistent 
tendency to exaggerate, or failure to make sufficient allowance for 
root swell in the plotting of the individual trees. In applying this 
principle to series where the divergence of the material from a 
straight line is marked, as with balsam, the straight line used to 
determine the normal form class is that best fitting the lower portions 
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of the stem, because only in this way can a direct comparison of the 
amount of divergence of the tops from the formula be obtained for 
the different species. 

After determining the true normal form quotient for each series 
by the method just described, all the material with the exception of 
hemlock, which requires special treatment, has been brought together 
for direct comparison on a single chart. Whenever the diameter at 
breast height had been modified to eliminate root swell the remain- 



45 50 55 60 65 70 75 80 85 

FORM CLASS 

Fig. 16.—Range of percentile tapers compared with formulae 


ing percentile tapers were recomputed with the true “normal” 
diameter as a base in order to compare them properly with other 
series. The data for this comparison are brought together in Table 
4. Because of the large number of points grouped closely together 
it is difficult to identify the individual series in the plotting; but the 
points for the different sections fall into well-defined bands. Figure 
16 shows the approximate upper and lower limits of the band of 
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points at each section together with the curves given by Hojer’s 
equation, by the simple form y= a _^ ^ and by a modification of the 
latter to be discussed presently. 


Table 4. —Normal form quotients and adjusted 'percentile tapers 
WESTERN YELLOW PINE 


Form class 

I 

Nor¬ 

mal 

form 

quo¬ 

tient 

! 

Percentage of length fiom tip to breast height 

-x 


Basis 
num¬ 
ber of 
trees 

90 

80 

70 

60 

50 

40 

30 

20 

10 

Adjusted percentile tapers 

45. 

46.0 

89.7 

76.1 

68.9 

55.7 

46.6 

36.2 

26.0 

17.7 

10 0 

3 

55. 

55.6 

92.2 

83.3 

74.3 

63.5 

54.8 

45.8 

34.5 

24.2 

12.7 

6 

60. ! 

60.2 

93 8 

85.5 

78.2 

69.8 

59.9 

50.0 

37 8 

27.3 

15.1 

17 

65 .. 

66.1 

93.5 

88 6 

82.6 

75.5 

65.7 

56.5 

44.6 

31.0 

18.8 

29 

70. 

70.2 

95.2 

90.5 

85.1 

78.7 

70.6 

60.9 

50.2 

36.5 

21.2 

55 

75. 

75.0 

96.5 

92.4 

87.7 

81.8 

75.4 

66.7 

55.6 

40.9 

23 3 

70 

80. 

79.1 

96.7 

93 9 

90.7 

85 2 

79.1 

70.3 

59.4 

44.4 

25.7 

18 

85. 

82 6 

97.5 

95.1 

92.6 

87.5 

83.5 

74.9 

61.2 

45.4 

33.1 

3 


NORWAY SPRUCE (JONSON-1910) 


60. 

62.2 

93.6 

86.7 

79.3 

71.5 

62.1 

52.3 

41.2 

30.0 

17.0 

10 

70-.. 

.__J 70.7 

95.7 

90.5 

84.9 

78.4 

70.7 

61.7 

51.3 

38.8 

22.4 

30 

80. 

...J 77.6 

96.6 

93.3 

89.4 

83.9 

77.3 

69.6 

60.0 

48.1 

30.3 

7 


SCOTCH PINE (JONSON-1911) 


65__i 

! ; 

65.6 I 

93 9 ! 

88.5 

82.2 

75.7 

65 7 

55.4 | 

! 

44 9 

32.0 

17.7 

10 

70. 

71.9 

95.8 1 

90.9 

1 85.7 

79.4 

71.9 

62.9 

52.4 

38.6 

20.8 

40 

75... 

75 9 

96.7 I 

92.4 

1 87.8 

82.6 

76.0 

68.1 

57,3 

43.5 

24.5 

35 

£0 . 

81.1 

97.8 i 

94.3 

90.3 

85.6 

80.4 

74.1 

1 65.7 

54.0 

33.0 

9 


EUROPEAN LARCH—HEIGHTS 8 TO 14 METERS (MATTSSON-1917) 


60.9. 

61.8 

94.0 

86.6 

78.8 70.8 

61.9 

52.3 

41.5 

28.8 

14.8 

50 

63 5.. 

63.9 

94 0 

87 4 

80.5 1 72.7 

64.0 

54.0 

42.4 

29.2 

14 8 

37 

66.2 . 

66.8 

94.9 

88.9 

82.2 1 75.1 

66.9 

57.4 

45.9 

32.0 

16.8 

52 

67.6. 

67.9 

95.0 

89 2 

S3.0 i 76.1 

68.2 

58.8 

47.2 

33.4 

17,8 

54 

70.0. 

70.8 

95.8 

1 90.6 

84 9 1 78.5 

70.9 

62.0 

51.1 

1 37.2 

20.1 

49 

73.6. 

73.4 

96.2 

91.5 

86.6 80.2 

74.0 

65.1 

53.7 

j 38.7 

20 8 

52 


EUROPEAN LARCH—HEIGHTS 15 TO 22 METERS (MATTSSON-1917) 


61.7. 

64.1 ! 

95.8 

88.1 

80.4 

72.5 

63.8 

54.4 

43.2 

31.1 

15.9 

36 

66.9. 

66 . 7 | 

94.4 

88.5 

82.4 

75.3 

66.9 

57.1 

46.2 

33.2 

17.6 

42 

69.2. 

70.5 1 

96 2 

90.6 

84.4 

78.1 

70.6 

61.6 

50 6 

36.9 

20.1 

30 

70.0. 

70.5 | 

95.7 j 

90.5 

84.7 

77.9 

70.5 

61.8 

51.4 ! 

37.4 

20.5 

33 

72.2. 

71.9 ! 

95.8 ! 

91.5 

1 86.3 

79.9 

1 72.2 

63.2 

52,3 

38.8 

22.1 

35 

76.2. 

75 6 | 

96.5 ! 

92. 7 

88.3 

82.9 

i 76.2 

67.6 

56.6 

42.4 

23.1 

33 


SIBERIAN LARCH (MATTSSON-1917) 


55. 

....| 55. 4 

91.9 i 

83.1 

74.4 

65.2 

55.4 

44.9 

34.0 

22.6 

11.2 

84 

60. 

—| 61.1 

93 4 

86.3 

78.5 

70.2 

61.1 

51.1 

39.5 

27.0 

13 4 

99 

65- 

65.4 

94.7 1 

88.2 

81.2 

1 

73.5 

65.4 

56.1 

44.3 

30.5 

15.2 

46 
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Table 4. Normal form quotients and adjusted percentile tapers —Continued 
WESTERN WHITE PINE (BEHRE-1923 AND U. S. F. S.-19I0-1913) 


Foim class 

Nor¬ 

mal 

form 

quo¬ 

tient 


Percentage of length from tip to breast height 

-X 


Basis 
num¬ 
ber of 
trees 

90 

80 

70 

60 

50 

40 

, 

30 ! 

20 

10 



Adjusted percentile taper 




55... 

58.2 

92.4 ! 

85.2 

76.8 

66.4 

55.2 

43 3 

31.1 

20.1 

11.3 

4 

60. 

61.4 

93.4 | 

86.2 

78.8 

70.5 

60.8 

51.1 

40.4 ; 

28.7 

15 1 

25 

65-- 

65.7 

94.3 

88.4 

81.4 

73.4 

65.4 

55.5 

44.7 

31.4 

17.3 

47 

70 . 

69 7 

95.3 | 

89.9 

84.0 

78 0 

70 0 

59 9 

48.3 1 

35.6 

20.4 

43 

75 . 

73.7 

96.2 I 

91.5 

86.4 

81.2 

710 

65.3 

515 

40.7 

23.2 

10 

80 . 

80.2 

98.0 I 

95.8 j 

1 

92.8 

87.3 

80.2 

68.8 

58.7 

46.1 

28.1 , 

4 


WESTERN WHITE PINE (CLAUGHTON-WALLIN AND McVICE:ER-1920) 


71.2 | 97.6 

i ! 

91.7 

819 

77.8 

71.2 j 61.8 52.2 i 39.8 23.3 


DOUGLAS FIR (U. S. F. S -1910-1913) 


60... 

60.4 

93.2 

84 6 

78.4 1 

69.7 : 

60 3 , 

50 5 

40.0 

27.0 i 

115 

5 

65_ 

67.3 

96.0 

89.0 

82. 0 j 

75. 0 ; 

67,3 i 

58.5 

46.7 

33.9 

19.1 

11 

70. 

70.5 

95.6 

89 8 

817 j 

77.9 ! 

70.5 ! 

61.8 

50.2 

36 2 

19 2 ; 

29 

75 ... 

75.9 

97.8 

92.6 

87.8 

82.4 

76 2 , 

67.6 

57.4 

43.0 

211 J 

17 

80_ 

80.6 

97.5 

: 

95 0 

92.1 j 

87.3 

80.6 , 

72 0 

59.2 

42.2 

22.0 

10 


DOUGLAS FIR (CLAUGHTON-WALLIN AND McVICKER-1920) 


Average_, 


77.4 


96 8 


93.0 


88.6 


83.6 


77.4 


69.5 


60.6 


48.7 


11 


NORWAY PINE (CLAUGHTON-WALLIN AND McVICKER—1920) 


65. .. 

.... 65.8 ! 

917 , 

88.2 

81.3 | 

713 

65. 5 | 

56.1 

44.2 , 

31.2 

1 16.1 1 

11 

70_ 

....! 70S 

95.5 ■ 

90.4 

817 ! 

78.6 

70.7 1 

61.8 

49.9 , 

35.2 

| 19.1 

30 

75.-. 

....j 75 0 ! 

! 96.3 

92 2 

87.3 j 

82.1 

75.0 j 

66.5 

55.1 

39.4 

1 21.4 

; 

40 


NORWAY PINE (REED—1924) 


70.. 

..! 71.8 : 

95.4 ! 

90.5 

85 6 j 

so.o ! 

72.6 

63.6 

51.8 1 

38. 2 

1 

21.7 | 

21 

80.. 

.| 77.0 

1 

96.3 ' 

93.4 ! 

88 7 1 

S3 3 j 

77.2 

68.9 ■ 

58.1 , 

44.6 : 

-1 

15 


YOUNG NORTHERN WHITE PINE (CLAUGHTON-WALLIN AND McVICKER-1920) 


60. .. 

59 7 i 

93.0 

s5.s; 

77. S 

C9.0 i 

59.7 1 

49 4 ' 

37.6 ! 

25 5 

[ 

12. 5 ! 

0 

65_ 

65.7 

912 

88.4 ' 

81.7 

74 3 j 

65. 5 ' 

55 9 

410 I 

30.5 

15.5 

15 

70.-. 

70.8 | 

95.2 , 

90.6 , 

i 

84 9 

78.6 1 

70 . s; 

60.0 

48.5 i 

319 

IS 0 J 

9 



i ! 

. 

__ 

i 


i 



OLD NORTHERN WHITE PINE (WRIGHT—1923J 


65-A.. 
65-B.. 
65-C-. 
70~A_. 
70-B.. 
70-C-. 
75-A _ 
75-B_. 
73-C., 


71.0 : 

97.9 ; 

90.7 1 

i 

84. 7 | 

78.1 

70 3 

62 2 

52.2 

38.3 

20.4 

70.6 ! 

96.8 

90.6 

SIS 1 

78.2 

70.5 

61 8 

50.8 

36.0 

IS. 4 

! 71 5 i 

96.0 , 

90.7 ! 

85.1 j 

79.1 

71.6 

62.3 

50 7 

35.8 

18.6 

72.5 i 

96.5 i 

91.1 

85.7 ' 

79.7 

72.5 

€3 5 

52.4 

38.3 

20.7 

' 712 i 

97.1 1 

91 8 

87.0 : 

81.6 

74.9 

66 1 

54.6 

39.6 

20.8 

■ 75 .4; 

96.8 . 

92 2 ' 

87.6 

82.2 

75. 7 

67.0 ! 

l 55.7 i 

40.9 ! 

21.8 

, 76 4 | 

97.0 

92 5 ! 

88 2 ; 

83 2 

76 9 

68.1 

56.4 j 

41 5 | 

22.9 

76 8 1 

96 6 

92.2 

8s 3; 

S3 S 

77.5 

68 5 

56.8 

; 4i.4 

22.2 

80 2 

97.6 

93 8 

89.9 

85 8 

SO. 5 

71.9 

59.2 ] 

43.6 

23.6 
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Table 4. —Normal form quotients and adjusted percentile tapers —Continued 


WHITE, RED, AND BLACK SPRUCE (WRIGHT—1923) 



Nor- 


Percentage of length from tip to “breast height 

=x 



Form class 

mal 

form 

quo- 

90 

80 

70 

60 

50 

40 

30 

20 

10 

num¬ 
ber of 


tient 

Adjusted percentile tapers 


60-A_ 

1 61.1 

93 1 

85.9 '■ 

79.0 

71.2 

61.3 

51.1 

39.9 

27.6 

14.7 


60-B.. 

1 62.1 

93.7 

86.7 , 

79.1 

71.0 

62.2 

52.1 

41.3 

29.0 

15.8 


65-A. 

65.4 

94.6 

88.7 

82.2 

74.5 

65.5 

55. 7 

44.4 

31.8 

17.3 


65-B. 

67.1 

94.6 

88.7 1 

82.5 

76.1 

67.6 

58.1 

46 7 

33.7 

18.7 

i 865 

70-A_ 

70.1 

95.4 

90.0 

84.4 

77. 9 

70 5 

60.6 

48 8 

35.4 

20.1 


70-B_ 

72.3 

95.6 

90.7 i 

85. 4 

79.9 

72.8 

t»2.6 

50.9 

37.4 

20 8 


75-A.. 

75.4 

96.4 

92.2 ; 

87.7 

82.3 

75.8 

67.2 

55.4 

41.2 

23 4 


75-B.. 

76.8 

96 8 

92.9 s 

88.5 

83.8 

76.8 

67.1 

55.3 

41.0 

24.0 



WHITE SPRUCE (CLAUGHTON-WALLIN AND McVICKER—1920) 


Average.... 

65 9 

95 3 

SS 4 

! 

81 5 | 

74.1 

65.9 

56.1 

45.2 

33.1 

18.4 

6 

VIRGIN RED SPRUCE (U. S. F. S.—1902) 

50. 

.! 52.4 

93.2 

81.7 

74.1 

64.1 

52.4 

40.6 

30.9 

21.1 

10.1 

7 

60_ 

l 62.0 

93.6 

86.8 

79.0 

71.2 

61.7 

51.7 

41.1 

29.1 

15.1 

29 

70_ 

J 70.9 

95.8 

90.4 

84.8 

78.2 

69.8 

59.9 

47.2 

33.6 

17 5 

65 

80... 

-i 77.8 

96.6 

1 

93.0 

89.0 

S4 0 

77.6 

68 1 

56.0 

42.0 

24.2 

31 


RED SPRUCE-CULLLED FOREST (U. S. F. S.—1903) 


60. 

60.8 

94. S 88.2 79.8 70.6 60. S 49 9 38.6 26.5 

13 3 

6 

70.. 

71.4 

96.0 90.6 85.2 79.0 71.2 60.8 47.9 33 2 

17.7 

30 

80_ 

78.5 

96.8 93.4 90.1 85.0 77 3 68.6 55.1 40.0 

! 

21.9 

8 

SECOND-GROWTH RED SPRUCE (U. S. F. S—1903) 

Average.... 

72.6 

i 

95. Si 91.2 | 86.0 79 8 73 0 63 1 50. 7 36.7 

1 1 

21.3 

20 


OLD-FIELD RED SPRUCE (U. S. F, S.—1903 VND MEYER—1924) 


55. 

55.3 

94.2 

86 . 5 

76.9 

66 .7 

55.3 

45.3 

33.9 

22.5 

10.9 

3 

60_. 

60.3 

94.3 | 

86 8 

78.1 

68 8 

60.3 

49.5 

37.7 

25.8 

13.7 

4 

65.. 

65.2 

95.1 1 

88 S 

SI. 8 

74.0 

65.2 

55.9 

44 2 

31.2 

16.2 

22 

70. 

69.9 

95. 3 

90.7 

84. S 

78.2 

69.9 

59.9 

48.5 

35.0 

18 4 

39 

75- 

74.9 

90.4 1 

91.7 

87.9 

82 4 

74.9 

65 2 

52 3 

36.0 

18 5 

17 

80.. 

78.9 

97. 5 ' 

J 

94 1 

90 1 

84.9 

78.9 

68 5 

53.2 

37.2 

19.2 

7 




BA 

.LSAM 

FIR (V 

'RIGHQ 

['—1923) 





60 .j 

61.6 

93. 3 ! 

86.9 

79.4 

70.5 

60. 0 

49.3 

38.0 

26.1 

13.4 


65.. 

65.9 

1 94.0 1 

88.2 

82.0 

74.6 | 

65.0 

54 4 

42.2 

29.5 

15 5 

- 362 

70.j 

i 70 6 

95 8 i 

90 5 ; 

; 84.7 

78.1 1 

j 70.6 

59.5 

47.0 

33,3 

18.0 

75. 

75.5 

! 

96.5 | 

92.2 

! 87.9 

82.4 

75. 5 

65.6 

53.4 

1 

39 0 

22.2 




SECOND-GROIVTH BALSAM FIR (MEYER—1923) 



Average.... 66 2 

94. 5 88.7 | 82.3 

74.8 66.7 

56 6 45.5 32.8 

18.3 

18 
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Table 4. —Normal form quotients and adjusted percentile tapers —Continued 
BALSAM FIR—CULLED FOREST (BEHRE—1924) 


Form class 

Nor¬ 

mal 

form 

quo¬ 

tient 

Percentage of length from tip to breast height=:r 

90 

j | f . j | .oasis 

80 | 70 j 60 50 j 40 j 30 j 20 10 , 

Adjusted percentile tapers 

Average.... 

70.7 

95.4 

90.9 84.9 76.6 66.5 55.2 ; 42.2 ' 30.0 16.2 20 


BALSAM FIR-OLD GROWTH (BEHRE—1924) 


55. 

-J 59.5 

93.6 

85.6 

77,4 | 

67.7 ! 

55.5 I 

44.1 

34.7 , 

24.3 

12.0 

11 

60_ 

— 1 62 9 

93,9 

87.4 

79.8 

70.8 ■ 

60.3 i 

49.6 

38.4 < 

27.4 ! 

14.8 

21 

65. 

69 2 

95.2 

90.4 

S4.1 • 

75. 4 

64.6 i 

53.2 

40.8 , 

29.8 1 

17.3 

IS 

70.. 

_ 1 71.4 

95.6 

90 S 

86.0 ! 

78.9 ' 

69.7 i 

59.0 

47.6 

33.6 j 

20.5 

IS 

75... 

.... 77.6 

i 

96.8 

92.7 

89.0 

84.2 

75.9 ! 

64.7 

51.4 * 

37.1 

21.6 

! 5 


LONGLEAF PINE (BROWN—1924) 


60. 

1 

— | 66.9 

95.2 

1 

88.9 | 

82.3 | 

75.7 

64.5 J 

57.2 

46.9 

34.3 , 

19.1 ' 

GS 

70. 

—1 72.6 

96.4 

91.4 ; 

85. 7 

80.0 

72.6 

64.3 

53 2 

39.0 

21,3 

439 

80.. 

.... 1 77.9 

97.0 

93.3 ! 

90.0 1 

84.8 

77.9 j 

69. 5 j 

58.0 

42.8 

23.5 , 

156 


SHORTLEAF PINE (BROWN—1924) 


i 

60_ ..' 

63.5 

94.2 ! 

87.7 

SO.O 

71.8 

62.3 53.5 

42.9 ! 

30.5 

iG.i; 

21 

70. 

72.4 

95.9 ! 

91.3 

86. 0 

79.6 

72.6 63.8 

52.8 ; 

38.6 

20.7 1 

217 

80_ 1 

I 

79.2 

97.4 

94.5 

90.5 

85.6 

79.2 70. 5 

58 6 

42.2 

22.6 1 

178 


LOBLOLLY PINE (BROWN—1924) 


60. 

62.7 , 

94.0 

87,0 

79. 5 

71.7 i 

62.7 1 

53. 2 

42 8 | 

29.4 ! 

15.8 

48 

70_ 

72.0 > 

95.2 

91.2 

86.1 

79.7 I 

71.7 | 

63.3 ! 

51. 7 i 

37.2 ; 

19.7 

243 

80. 

79. 2 i 

97.2 

94.2 

90.3 

85.9 

79.2 

69.6 ! 

56.9 1 

j 

41.0 | 

i 

21.9 

47 


GRAY BIRCH (HAWLEY—1923) 


45. 

J 46.5 

89.2 : 

79.7 , 

68.6 1 

58.1 i 

44.8 1 

34.4 . 

26.7 

18.8 

8.7 

5 

50- 

.j 50.6 

89.7 | 

81.3 I 

72.1 , 

61.9 ( 

50.6 1 

40.5 : 

29.6 

20.0 

9.9 

17 

55. 

. 56.0 

91.8 ! 

83.7 

75.4 i 

66.4 1 

54.9 

45.8 

34.7 

23.1 

11.2 

46 

60.- 

. 61.9 

93.5 ! 

86.5 

78.7 ; 

70.8 1 

62.0 

51.9 

39.8 

27.1 

13.3 

56 

65.. 

. 66.0 

94.7 

88.5 j 

si.i ; 

73.8 ! 

66.5 

56.3 

45.1 

31.8 

16.0 

37 

70. 

. [ 70. S 

96 7 i 

90.2 ! 

1 

S4.8 i 

<8.8 i 

i 

72.1 1 

61.9 

47.4 

32.6 

17.2 

16 


It should be borne in mind that the spread of the bands of points 
for the sections a? = 10 and x = 20 would be materially reduced if series 

whose tops depart markedly from the equation y = —such as 

those for balsam fir, were plotted on a lower form-class line, for this 
would balance small diameters in the tops against larger diameters 
in the lower sections. This procedure, however, would increase the 
spread of the bands for the lower sections of the stem and make direct 
comparison of differences in the tops impossible. The spread of 
points indicated is materially lessened, especially in the zones for 
cc—20 andx = 30, when the data for balsam fir in Figure 12 are omitted. 
The spread of the points in these bands is indicative of the variations 
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between the different species. If the bands are narrow it means 
that there is little difference in the tapers of the different species, and 
that a single taper series may be used for all, but if the bands are 
broad and the points widely scattered within them considerable 
variation between the species is indicated, and the use of a general¬ 
ized taper series for all the species becomes of doubtful accuracy. 

CONSTANTS AND ABSOLUTE FORM FACTORS 


To use the formula as the basis for generalized taper 


tables requires the evaluation of the constants a and 6. These con¬ 
stants vary with the form quotient and may readily be calculated by 
substituting the two pairs of values for the variables which are fixed 
for any given form class by definition of form quotient. Thus, for 
form class 75 we have x = .50, y— .75 and x— 1.00, y— 1.00. 

Therefore, 


Subtracting 

Substituting 


.75 = 


1.00 = 


.50 


a 4- .506 
1.00 

"a+ 1.006 


.667 = a + .506 


1.000 = a+ 1.006 
.333= + .506 
6= .667 
1.00 = a+ .667 
a= .333 


Table 5 gives the constants for form classes 40 to 90 at intervals of 
five units. Since in all instances a -I- 6 = 1, it is only necessary to know 
one constant to solve the equation. In Figure 17 the constants are 
presented graphically in order to permit rapid approximation of the 
constants for any desired form quotient without calculation. With 
these constants percentile tapers for the entire stem can be computed, 
as presented in Table 5. 

Table 5. —Generalized percentile taper series; based on a ^ x 


Form 

class 

Percentage of length from tip to breast height 

Constants 

Abso¬ 

lute 

form 

factors 

90 

80 

70 

60 

50 

40 

30 

20 

10 

.... 

a 

b 


Percentage of “normal” d. i 

. b. ° at breast height 


40. 

85.71 

72.73 

60.87 

50.00 

40. 00 

30.77 

22 . 22 

14.29 

6.90 

1.5000 

-0.5000 

0.2688 

45. 

88.03 

76.60 

65.62 

55.10 

45.00 

35.29 

25.96 

16.98 

8.33 

1.2222 

-.2222 

.3008 

50. 

90.00 

80.00 

70.00 

60.00 

50. 00 

40. 00 

30. 00 

20.00 

10.00 

1.0000 

.0000 

.3333 

55. 

91.67 

83.02 

74.03 

64.70 

55.00 

44.90 

34. 38 

23.40 

11.96 

.8182 

.1818 

.3661 

60. 

93.10 

85.72 

77.78 

69.23 

60.00 

50.00 

39.13 

27.27 

14.29 ; 

.6667 

.3333 

.4031 

65. 

94.36 

88.13 

81.24 

73.58 

65. 00 

55.32 

44. 31 

31.71 

17.11 ! 

.5385 

.4615 

.4414 

70. 

95.45 

90.32 

84.48 

77.78 

70.00 

60.86 

50.00 i 36.84 

20.59 

.4286 

.5714 

.4827 

75. 

96.43 

92.30 

87.50 

81.82 

75. 00 

66.67 

56. 25 

42.85 

25.00 ! 

.3333 

.6667 

.5281 

80. 

97.30 

94.12 

90.32 

85. 71 

80. 00 

72.73 

63.16 50.00 

30.77 | 

.2500 

.7500 

.5792 

85. 

98.08 

95.77 

92.96 

89.47 

85.00 

79.07 

70.82 

58.62 

38.64 ! 

.1765 

.8235 

.6385 

90. 

98.78 

97.30 

95.46 

93.11 

90.00 

85. 71 

79.41 

69.23 

50.00 

.1111 

.8889 

.7111 


° D, i. b.-diameter inside bark. 
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The absolute form factor with the tree volume computed in 10 
sections by the Smalian formula is expressed by the formula— 

iy + d 2 i 4- d 2 2 4- d 2 3 4- 4- d 2 g 

jU 

Tod 11 

in which D, d u d 2} d 3 .d 9 are the diameters at breast height and 

at each succeeding tenth of the stem above breast height. This 



Fig. 17.—Absolute form factors and constants for Constant 6=1 —a 

method is in conformity with the conventional method of computing 
cubic contents, and was used by Jonson in compiling his volume 
tables. The Smalian formula, however, assumes the stem to be parab¬ 
oloidal in form, and hence introduces a slight error which increases 
as the length of the sections into which the stem is divided increases. 
Absolute form factors corresponding exactly to the volumes generated 

by the stem curve, as expressed by the equation revolving 

about the axis, can be computed with the aid of integral calculus. 
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The volume of a solid of revolution about the x —axis — 7 rJ y 2 dx. 

The derivation of the equation of the stem curve has been worked in 
terms of diameters, but in computing the volume of the tree by the 
above integral y must be expressed as radius. Since the derived 
values of y are percentages of breast-height diameter they will apply 
as radii just as well as diameters. The limits of integration in our 
problem are from# == 0 , the tip of the tree, to x = 1 , breast-height point 
or unit height, and the result will be in terms of unit radius cubed. 
The cylinder with which the tree volume is to be compared will have 
radius 1 , altitude 1 and volume of t in terms of unit radius cubed. 
The absolute form factor will then be— 


7T Jo 

2 X 2 dx 

or since y^iaTlxf' absolute form factor. 

From a table of integrals we find 

ji0h^K a+bx ~ 2a ioge (a+6a °~^y 

Substituting x = 1 gives 

6 ^(a + 6)-2alog fi (a+&)-^qrJ 

Since we have found that —1 in all cases this expression 
reduces to 

^ 3 ( 1 — a 2 ) (A) 

Substituting x = 0 gives 

h( a - 2a lo & a -5) 

or 

-p (2a log e a) (B) 


Subtracting B from A gives 


Absolute form factor = | y 2 dx = ^ (1 — a 2 + 2a log, a). 


Absolute form factors derived in this way are included in Table 5 , 
and are plotted in Figure 17 to permit rapid interpolation of the 
absolute form factor for any desired form quotient. If these absolute 
form factors are plotted on ratio or semilogarithmic paper they will 
fall very nearly into a straight line. This means that the form factors 
and hence the volumes in the portions above breast height are in a 
geometric progression and the rate of increase per unit increase of 
form quotient was found from the slope of the line to be approximately 
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1.9 per cent. The volume differences for the entire stems vary with 
total height and form quotient, since total volumes are related to the 
breast-high form factors, and so no general figure can be used with 
absolute accuracy. However, plotting breast-high form factors on 
semilogarithmic paper makes it possible to compute the approximate 
rate of increase of total volume for various ranges of heights and form 
quotients. It will be found that the rate of increase varies from less 
than 1 per cent for very short trees in the very low classes up to a 
little more than 1.6 per cent for the taller trees. A rate of 1.5 per 
cent represents a good average which will apply quite closely for all 
trees above 40 feet in total height except those most open-grown 
individuals. This means that the difference in volume corresponding 
to a form class interval of five units is about 7.5 per cent. 

A method of approximate integration which appears to give slightly 
better results than that based on the Smalian formula is known as 
Simpson’s rule. By this rule— 

y-dx = ~ {y\ +4 y\ + 2y \++2 y\ H-+ y 2 10 ) 

By this rule the 10 sections into which the stem is divided are calcu¬ 
lated in pairs according to Newton’s prismoidal formula. 

A direct expression of the effect of the variations of the different 
series from the tapers given by the formula may be obtained from the 
absolute form factors. The difference in absolute form factors 
between any two series may be converted into percentage difference 
in volume "by dividing the difference in form factors bv the form 
factor of the series used as a basis for comparison. Accordingly, the 
absolute form factors for the various series, excepting those for hem¬ 
lock, and the corresponding volume error as compared to the formula, 
have been computed by the use of Simpson's rule for approximate 
integration and are tabulated in Table 6 , columns 1 to 4. In this 
table the basis of comparison is the same as that used in Figure 16 
(see pp. 698-701) except in a few series, notably those for balsam fir, 
where the falling off in the tops extends below the middle of the stem. 
What is ^wanted here as a basis for comparison is the form class into 
which the material would fall in practice, when corrected for root 
swell. Whenever the divergence of the tops from the formula extends 
below the middle of the stem, as indicated in Figures 11 and 12 , the 
desired form class is represented by a line from breast height through 
the actual value for the mid-point, rather than by the lines in the fig¬ 
ures, for these latter, in order to show direc tly the relative divergence 
in the tops of the various species, were drawn to fit the lower portions 
of the stem alone. When the actual form class of the material, 
with root swell eliminated, is taken for such series, the diameters in 
the lower portion of the stem are greater than those given by the 
formula and hence the volume errors may become positive in sign, 
even though relatively the series show a greater falling off in the tops 
than other series with negative errors, 

70990—27-3 
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Table 6. —Absolute form factors and volume errors 
WESTERN YELLOW PINE 


Normal 

Absolute form 
factor 

Volume 

Basis 

Probable 

error 

Error 

above 

form 

class 

(1) 

Formula 
figure 17 

(2) 

Material 

(3) 

error 

(4) 

number 
of trees 

(5) 

normal 

variation 

(6) 

probable 

error 

(7) 

46 0 

0 309 

0.313 

Per cent 
+1.3 

1 3 

1.6 


55.6 

.371 

.369 

—. 5 

6 

1.2 


60 2 

.404 

.405 

+.2 

17 

.7 


66.1 

! .450 

.448 

-.4 

29 

.5 

_ 

70.2 

i . 485 

.486 

+.2 

! 55 

.4 


75.0 

! .528 

.527 

-.2 

70 

.3 


79.1 

| .571 

.560 

-1.9 

1 18 

.7 

-1.2 

82.6 

1 .610 

i 

.594 

-2.6 

3 

1.6 

-1.0 


NORWAY SPRUCE (JONSON—1910) 


: 

, 62.2 ! 

0.419 

0.420 i 

+0.2 

10 

0.9 

1 

70.7 1 

.490 

.491 1 

+.2 

30 

.5 


, 77.6 i 

. 555 

. 557 | 

+.4 

7 

1.1 

.! 


SCOTCH PINE (JONSON—1911) 


65.6 

0.447 , 

0.447 .. 

10 

71.9 

.500 

.498 -0.4 1 

40 

75 9 

. 538 

.536 , -.4 ! 

35 

81.1 

.592 ' 

.592 .1 

9 


EUROPEAN LARCH. HEIGHTS 8-14 M. (MATTSSON—1917) 


61.8 

0.417 

0.418 j 

+0.2 

50 

0.4 


63.9 

.433 

.430 

—. 7 

37 

.5 

-0.2 

66. S 

.456 , 

.454 i 

-.4 

52 

.4 


67.9 

.465 

.464 j 

-.2 

54 1 

.4 


70.8 

.490 

. 490 *. 


49 

• 4 


73.4 

. 514 

. 511 j 

-.6 1 

52 1 

.4 1 

1 * 2 1 




EUROPEAN LARCH. HEIGHTS 15-22 M. (MATTSSON-1917) 


! 64.1 

0.435 

0.437 

1 +0.5 | 

36 

0.5 


66.7 

.455 j 

.454 

-.2 

42 

.4 


1 70.5 

. 487 

.487 

1 

30 

.5 j 

_i 

70.5 

.487 

.488 j 

+.2 ! 

33 , 

.5 


71.9 

; .ooo ; 

.502 | 

+.4 : 

35 

.5 

1 _ i 

| 75.6 

'■ .535 

.534 

-.2 , 

1 

33 S 
! 

- 5 i 

. 


SIBERIAN LARCH (MATTSSON-1917) 


! 55.4 

) 61.1 

' 65 4 

0.369 
.411 
.445 | 

1 

0.369 

.410 

.442 


84 

99 

46 

0.3 

.3 

.4 


-0.2 

-0.3 

WESTERN WHITE PINE 

(BEHRE 

1923. U. 

S. F. S. 

1910-1913) 

55.2 

0.368 i 

0.374 

+1.6 

4 

1. 4 

+0.2 

61.4 

.413 ; 

.412 

-.2 

25 

.6 ! 


65 4 

.445 , 

.443 

-.4 

47 | 

.4 i 


69 7 

.481 ! 

.477 

-.8 

43 

.4 1 

- .4 

73.7 

.516 

.515 

-.2 

16 

. 7 ! 


80.2 

.582 ! 

i 

.576 

-1.0 

4 

1*4 i 
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Table 6.— Absolute form factors and volume errors — Continued 
WESTERN WHITE PINE (CL AUGHTON-W ALLIN AND McVICKER—1920) 



Absolute form i 



1 


factor 1 


Probable' 

Error 

Normal , 


! Volume 

Basis 

error 

above 

form 


; error 

number 

normal 

probable , 

class 

Formula 

Material j 

of trees 

variation - 

error 1 


figure* 17 

1 




(1) 

(2) 

(3) | (4) 

(5) 

- (0) 

(L ; 



i Pa cent 




71.2 

0.491 

! 

0.5CG | +1.2 

16 

c 7 1 

4-0. 5 


DOUGLAS FIR (U. S. F. 

S. 1910-19131 


60.4 ; 

0.405 , 

0. 400 4-0 2 

5 

! 1 ^ 


67 3 

.4*0 ; 

. 401 1 4-. 2 

11 

.9 ' 

i 

, 70.5 

. 4S7 ! 

.4S4 j 6 

29 

1 5 ' 

-0.1 

75.9 1 

.538 1 

. 53S 1 . 

17 


_1 

1 80.6 ! 

. 5S7 1 

. 570 ! -2.9 

10 

! 9 ! 

1 

InS 

o 

OUGLAS 

FIR (CLAUGHTON-WALLIN AND McVICKERS-lC20; 

1 77.4 1 

0.553 ] 

i 

■ 0 550 | 4-0.5 

! 11 

0.9 



NORWAY PINE (CLAGGHTON-WALLIN AND McVICKER— -1020J 


65. S ! 
70. s ! 
75.0 

0.44s ; 
.490 1 
.529 - 

0.444 

.485 

.522 

-0.9 

-1.0 

-1.3 

11 i 
30 

40 | 

0 9 

5 ! 
.4 ; 

-0.5 ; 
- .9 


NORWAY 

PINE (REED-1924) 


70. S ! 

0 499 ! 

0.499 


21 . 

0.6 


77.0 . 

. 549 | 

.544 

-o. y j 

15 ! 


-Q.2 : 


YOUNG NORTHERN WHITE PINE (CLAUGHTON-WALLIN AND McVICKER—1920) 


59.7 

0 400 

0.399 

-0.2 

5 i 

1 3 

1 

65.7 

.447 

.443 

-.9 

is ; 

. 7 

- 0.2 1 

70.8 

.490 

.481 

-1 8 ' 

9 | 

'9 

-■ 9 1 


OLD NORTHERN WHITE PINE (WRIGHT—1923; 


71.0 , 

1 

0.492 

0 496 

+0.8 0 



70 6 

.488 1 

.489 

+.2 



71.5 

.496 1 

.491 

—L 0 



72.5 

. 505 1 

.502 

-.6 

! 


74.2 

. 521 1 

.520 

-.2 ' 

342 


75.4 

76.4 ; 
76,8 
80.2 

.533 1 
.543 , 
.547 
.582 j 

.527 

.536 

.538 

.564 

-1 1 
-1.3 
-1.6 
-3.1 , 




WHITE, RED, AND BLACK SPRUCE (WRIGHT, 1923) 


61.1 

0.411 

0.412 

+0.2 ! 


. : . 1 

62.1 

.418 

.419 

+.2 



65.4 

.445 

.447 

+.4 : 



67.1 

.459 

.459 


> 865 


| 70 1 

.484 

.480 

-.8 

.. 

! 72.3 , 

.503 

.496 

—1.4 



I 75.4 

.532 

.528 

-.8 


1 . 

1 76.8 

.547 

.535 

—2 2 
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Table 6. —Absolute form factors and volume errors —Continued 


WHITE SPRUCE (CLAUGHTON-WALLIN AND McVICKER, 1920) 



Absolute form 






factor 



Probable 

Error 

Normal 



Volume 

Basis 

error 

above 

form 



error 

number 

normal 

probable 

class 

Formula 

Material 


of trees 

variation 

error 


figure 17 






(1) 

(2) 

(3) 

(4) 

i C5) 

(6) 

(7) 

65.9 

i 0.449 

i 

! 0 450 

! 

Per cent 
+0.2 

6 

i 1.2 

! 

.i 


VIRGIN RED SPRUCE—MAINE (U. S. F. S. 1902) 


1 52.4 i 

| 62.0 ' 

69.8 ' 

1 77,6 , 

1 i 

0.349 
.418 
.482 
. 555 

0.359 
. 417 j 
. 477 
.541 i 

+2.9 
-.2 1 
-1.0 
-2 5 

29 

65 

31 

1.1 , 

• 5 j 
.4 j 
.5 

+1.8 

-.6 
-2.0 | 

SECOND GROWTH RED SPRUCE—NEW 

HAMPSHIRE (U. S. F. S. 1903) 

j 72.6 j 

0.506 

i 

0 499 j 

-1.4 

20 

0.6 

-0.8 

RED SPRUCE 

CULLED FOREST—NEW HAMPSHIRE (U. 

S. F. S. 1903) 

60. S i 

0.409 

0.416 ! 

+1.7 

6 

1.2 

+0.5 

71.4 | 

,495 

.484 

-2,2 

30 

.5 

-1.7 

! 78.5 I 

.564 

.541 

-4.1 

8 

1.0 

-3.1 


RED SPRUCE OLD FIELDS—NEW HAMPSHIRE (U. S. F. S —1903 AND MEYER, 1924) 


1 55.3 , 

0.368 

0.385 1 

+4.6 [ 

3 . 

1.6 • 

+3.0 | 

- 60.3 ; 

.405 

.406 i 

+.2 - 

4 

1.4 


, 65.2 ! 

.444 

.446 j 

+.5 : 

22 

.6 i 

1 

i 69.9 ; 

. 4S3 

.479 

-.8 

39 

.5 i 

- 3 : 

' 74.9 ! 

.527 

.514 1 

-2.5 

17 ; 

, 7 i 

-1.8 | 

78.9 1 

. 5G7 

.542 

1 

-4.4 

7 

i.i ; 

-3.3 ; 

BALSAM FIR (WRIGHT—1923) 


1 6o. o ; 

i 65.0 

| 70.6 

1 75.5 

0.403 , 
.441 
ASS ' 
.534 1 

0.407 1 
.439 
.478 : 
.522 

+ !:? II 

-2 0 ,f 
-2.2 1 

362 j-,. 

BALSAM FIR, SECOND GROWTH- 

-MAINE (MEYER, 1923) 

66.2 | 

0.431 j 

0.452 

+0.2 j 

1 

IS | 0.7 . 

! 

BALSAM FIR, CULLED 

FOREST- 

-MAINE (BEHRE-1924) 

| 66.5 ! 

0.454 ; 

0.458 

+0.9 j 

20 0.6 +0.3 ! 

BAL3 

AM FIR, OLD GROWTH—MAINE (BEHRE-1924) 

55.5 

0.370 ! 

1 

0 385 l 

+4.1 j 

11 0.9 +3.1 1 

60.3 

.405 , 

.413 

+2.0 ! 

21 .6 ! +1.4 , 

64.6 

.438 

.447 > 

+2.1 , 

IS i .7 1 +1.3 | 

69.4 

.478 

.482 i 

+.S 

IS | .7 1 +.1 ! 

75.9 

.538 

.524 ' 

-2.6 

5 i 1.3 ! -1.3 | 

1 1 I 
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Table 6.— Absolute form factors and volume errors — Continued 
LOXGLEAF PINE (BROWN-1924) 


Absolute form 
< factor 

Normal , 
form 1 I 

class i Formula i Material 
i figure 17 ! 

U) , (2) (3) 

Volume 

error 

(4> 

Basis 
number 
of trees 

(5) 

Probable 

error 

normal 

variation 

(6? 

Error 

above 

probable 

error 

(7) 




Per cent 




66.9 ; 

0.457 

0 455 

-0.4 

6S 

0 3 

-0.1 

72.6 

.506 

. 505 

__2_ 

439 

.1 

-.1 

77.9 ; 

. 55S 

.550 

-1.4 

156 

.2 

—1.2 1 

SHORTLEAF PINE (BROWN-1924) 

63.5 

0. 430 

0.42S 

-0.5 

21 

0.6 

1 

72.4 , 

.504 

. 503 

-.2 

217 

.2 


79.2 > 

| 

.572 

.559 

-2.3 

17S 

. 2 

-2.1 ; 


LOBLOLLY PINE (BROWN-1924) 


62 7 ! 

0 423 

0. 425 

4-0.5 

4S 

0.4 

-rG.2 

72 0 ; 

.501 

.496 

-1.0 

243 

.2 

-.s 

79.2 

.572 

. oo3 

-3 3 

47 

4 

' 

-2.9 


GRAY BIRCH (HAWLEY-1923) 


46.5 

0 312 ! 

0.314 

+0 6 

5 

1.3 |. 


50 6 

33S 

.340 

+.0 ' 

17 

• i 


56 0 

.373 , 

. 373 1 


46 

.4 


61.9 1 

.417 ; 

.413 

-i.o ; 

56 

.4 1 

-0.6 

66.0 | 

! 449 

.446 

— 7 ; 

37 

• ! 

— 2 

70. & 

490 - 

. 4S5 

-1 0 

16 ; 

• 7 • 

—.3 


i 


The figures in column 4, Table 6, indicate the net volume errors 
of each particular series as compared to the formula. An examina¬ 
tion of these figures shows a fairly consistent tendency for the errors 
to increase from the lower to the higher form classes. This is a 
measure of the effect of the divergence from the straight lines noted 
in Figures 2 to 14. But these figures afford no basis for an estima¬ 
tion of how much of these errors are really the result of divergence 
from the formula and how much is simply the result of the normal 
variations of trees included in a given form class average which will 
be influenced by the number of trees in the average. Furthermore, 
they give no measure of the variation of the diameters at any point 
on the stem as compared to the variations of the mid-points which 
are arbitrarily limited to the form-class interval. 

To determine the importance of the error from these sources an 
analysis was made of the western yellow and western white pine 
material, since these species agree very closely with the formula. 
The diameter at each tenth of the stem of each tree was compared 
to the diameter given by the formula for a form quotient corre¬ 
sponding to the actual average of the class to which the tree belonged. 
A given deviation at the base of a tree will have a much greater 
influence upon the volume than a similar deviation in the upper 
portions of the stem, and a given deviation in a tree of low form 
quotient will have a relatively greater weight than in a tree of higher 
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form quotient because the basis of comparison is relatively smaller. 
To make the observed deviations comparable they should be expressed 
in terms of their effect upon volume independent of their position 
in the tree, or tlie size or form of the tree. Since the diameters have 
been expressed on a percentile basis, the effect of size of the trees 
has already been taken care of. To express the effect upon volume 
of a given percentile deviation in diameter, independent of its posi¬ 
tion on the stem, a general expression for the resultant rate of change 
in volume per unit length can be used. The volume of the tree may 
be considered as made up of a number of cylinders of varying diam¬ 
eters corresponding to the diameters at different points on the 
stem. As the altitude of these cylinders approaches zero the sum of 
their volumes approaches the true volume of the tree. An increase 
or decrease of diameter at any point on the stem may therefore be 
considered as affecting a cylinder having a diameter equal to that of 
the tree at the given point and an altitude equal to the interval 
between successive measurements, in this case one-tenth of the total 
height. 


Let F= volume 

Y = diameter at any point on the stem 
y = deviation of diameter from formula values 
H — height or altitude 
n = number of trees 
/= absolute form factor 
AD = average deviation 
<r = standard deviation 
Then, for a cylinder 


T 7 —t Y 2 Hj and by differential calculus 


Since H= 


iIF=rate of change of volume with change of diam- 
dY~~ 2 eter 
1 


10 ’ 


. jr y __change in volume per tenth of length resulting from 
^20 deviation, y, in diameter. 


7T 

2 qAD y F= variability of changes in volume per tenth of length 
corresponding to deviations in diameter = average 
error in terms of volume per tenth of length in estimate 
of diameter at any point by the equation of the stem 
curve. 


F=| Y 2 volume of tree. 


Since total height. = 1, D. B. H. = 1, and since the standard devia¬ 
tion is approximately 1.253 times the average deviation, 


a per xg- length in percentage of volume = ^AD„ Y 


-f 


1.253 


100 


4 

25.06 


AD, Y. 
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This last expression gives the standard error in percentage of 
volume resulting from deviations in diameter at any one tenth of 
the stem. 

In order to compare the variations in diameters at different points 
on the stem with variations at the mid-point, which are limited by 
the form-class interval, the standard deviations in volume at each 
tenth of the stem in the different form classes are shown in Table 7 
and Figure 18 for the western yellow pine and western white pine 
material, these species being selected because they fit the formula well. 

Table 7. —Relative effect of variability of upper diameters upon volume estimates 
by formulaj shown in percentage of volume 

WESTERN YELLOW PINE 


Percentage of length from tip to breast height 


Form class 

90 

80 

70 

60 

50 ■ 40 

t 

30 20 

i 

10 | 

Num¬ 
ber of 
trees 


Standard errors m percentage of volume 


45....... 

0.743 

1.029 

1.032 

1.456 

0.164 ; 0.965 

0.345 1 0.185 

! 

0.077 

3 

55... 

.464 

1. 849 

.582 

.829 

. 30S . 343 

. 571 1 .249 

.098 

6 

60... 

1.004 

1.041 

. 9S6 

.800 

.511 .642 

.658 .245 

.157 

17 

65.... 

.763 

.803 

.690 

1.118 

. 390 ' . 664 

.688 , .539 

.215 

29 

70. 

.831 

.958 

.974 

.794 

. 402 . 859 

.740 ! .652 

.326 

55 

75. 

.652 

.816 

.980 

.779 

. 416 .636 

.710 l .714 

.417 

70 

80...... 

.440 

.687 

.851 

.649 

.345 i .716 

1.129 ! 1.220 

1.598 

18 

85__ 

.308 

.549 

.265 

.714 

. 240 ; . 740 

2.064 i 2.486 

.954 

3 

Average and total.. 

.723 

.890 

.927 

.832 

.407 .714 

.757 .685 

.466 

« 198 

WESTERN WHITE PINE 

60.. 

0.756 

0 682 

0.880 

0.818 

0. 419 ! 0.567 

0.575 1 0.367 

0.207 

23 

65. 

.731 

.889 

.794 

.794 

. 428 i . 726 

.749 ! .580 

.307 

47 

70... 

.646 

.771 

.771 

.562 

.422 .729 

.750 j .734 

.299 

43 


.392 

.690 

.608 

.498 

.313 i .554 

.651 j .802 ! .486 

16 

Average and total. 

.661 

.790 

.776 

o 

co 

CD 

.711 , .634 

i 

.315 

129 


• Three trees in form class 85 are omitted from the average because this class does not fit the formula 
in the tops. 


From these figures it appears that the variations of the diameters 
at points between the mid-point and the base or the tip involve 
volume errors seldom over twice the errors arising from the spread of 
the form-class interval itself. Furthermore, in series which fit the 
formula well, deviations in diameters in the lower half of the stem 
are more important in their effect on volume than those in the upper 
portion, although the latter are high in absolute values. The 
extreme similarity of the results for the two species also indicates that 
variation in this respect is probably identical for all practical purposes 
in all species, and that an evaluation of the total volume^ error in 
estimating upper diameters from the formula may be applied quite 
generally. 

If the deviations at the various points on the stem are uncorrelated, 
the total error resulting from simultaneous deviations at all points 
will be given by the formula for the standard deviation of a sum 


cr s = V01 2 + a 2 2 + 
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It is obvious, however, that deviations at different sections are often 
correlated with each other. Trees in conformity with the formula 
hut falling near either the upper or lower limits of the form-class inter¬ 
val will have very high positive correlation between deviations at any 
pair of sections. On the other hand many trees with positive devia¬ 
tions in the lower portions of their stem tend to have negative errors 
in their tops and vice versa. In such cases, the correlation between 
deviations in adjacent section in either upper or lower portions of the 
stem will be positive, but between a deviation from the upper portion 
and one from the lower portion the correlation will be negative. In 



Fig. 18 .-—Relative effect of variability of upper diameters upon volume estimates by formula 

addition there will be many trees which exhibit no correlation at all 
between deviations at different sections. 

To make the formula for the standard deviation of a sum as given 
above applicable in the case of correlated deviation requires the addi¬ 
tion under the radical of as many terms of the form 2r 12 <ri<r 2 (in which 
Tn is the coefficient of correlation between deviations at any two 
sections) as there are pairs of sections. Since there will be 36 such 
terms to cover all the possible combinations of 9 sections taken in 
pairs, this involves a volume of work out of all proportion to the 
value of the result sought. We are justified therefore in using the 
simple formula for uncorrelated deviations as the basis for compari¬ 
son, with an approximate correction for correlation of deviations 
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applied later to the final average figures. The total standard error in 
percentage of volume resulting from estimation of all upper diameters 
from the formula will therefore be approximately: 


<r s 



Ao (25.06 AD y . Y 

Vi— i — 


To estimate the magnitude of the correction which it is necessary 
to apply to the results from the approximate formula, to account for 
correlation of deviations between different sections, average values 
may be assigned to the factors of the 36 terms of the form 2 r 12 <?\ <? 2 - 

The average product of the standard volume error caused by the 
individual deviations at the different sections Oj <t 2 ) may be taken as 
the square of the average of the errors at the different sections, or 

(l)‘ 

For an approximation of the average value of r we may assume that 
any pair of deviations with like sign indicates positive correlation, that 
any pair of deviations with opposite signs indicates negative correla¬ 
tion, and that the tendency toward negative correlation would offset 
the tendency toward positive correlation. 

This is in effect exactly parallel to the method of expressing corre¬ 
lation by the approximate method of concurrent deviations given by 
King (16) as— 



In this formula r = the coefficient of correlation, c ^number of pairs 
of deviations with like sign, and u = total number of pairs in the sample. 
The ± signs both before and under the radical are used to indicate 

that when the quantity —— is negative the coefficient is negative, 

u 


and when it is positive the coefficient is positive. 

To determine the number of pairs of deviations with opposite 
signs in a given sample, tally each free according to the number of 
deviations of positive sign which it exhibits in its nine sections. 
If n+ and represent the number of deviations with positive and 
negative signs, respectively, in any tree, the number of pairs with 
unlike sign which may be formed will be given by the formula 
C+._=74 7i_, since n+ positive deviation may be selected and each 
selection matched with n_ negative deviation. The total number of 
pairs of deviations which may be taken from nine sections is given 

9 * 

by the formula C % . 2 = 2 ; (g — oy Y This has already been given as 

36. From the tally of trees according to number of deviations of 
positive sign and the corresponding numbers of pairs with opposite 
signs which may be formed, the total number of pairs with opposite 
sign is obtained. By subtracting this number from the total number 
of pairs in the sample the number of pairs with like signs is obtained. 
Substitution in King’s formula will then give the value of r, the net 
proportion of full correlation. The procedure is illustrated by 
random samples of 100 western yellow pines and 106 western white 
pines in Table 8. The net proportion of full positive correlation 
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exhibited by the western yellow pine is 0.415 and by the western white 
pine 0.425. It is thus evident that an average value for r would be 
somewhere between these figures and that 0.42 would doubtless bo a 
sufficiently conservative figure. 

Table 8. —Approximation of average correlation between deviations in diameter at 

different sections 


i 

1 

j Number ' 
i of sec- : 
tionswith, 
i -i-devia- 1 
, tion i 

1 

, 

! 

Number \ 

Western yellow 
pine « 

Western white 
pme b 

of pairs i 
with op- j 
posite ; 
sign j 

| 

Number 
of trees 

i Number 1 
! of pairs 
; with op¬ 
posite 
i sign 

Number 
of trees 

Number 
of pairs 
with op¬ 
posite 
sign 

‘ 9 

i i 

1 o 

5 

i 

I 0 

1 u 

0 

, 8 

8 ! 

8 

; 64 

1 8 

64 

7 

14 

! 8 

1 112 

S 

112 

' 6 

IS 

18 

i 324 

18 

324 

0 

20 

14 

! 280 

15 

300 

4 

20 

13 

i 260 

17 

340 

3 

IS 

13 

1 234 

14 

252 

2 

14 

12 

! 168 

11 

i 154 

. 1 

S 

i 6 

' 48 

'■ 2 

i 16 

0 

0 

1 3 

1 o 

2 

! 

1 0 

L._ 

! 

100 

, 1,490 

! 106 

i 1,562 


0 Tot al numb er of pairs (u) =100X36 =3,600. Number of pairs with like sign (c) =3,600—1,490 = 2,110. 
r=±^/^=i / = -f0.415. 

* Total number of pairs (a)=106X36=3,816. Number of pairs with like sign (c) =3,816—1,562 =2,254. 
r~ +0.425. 


From these figures the correction of the formula for the standard 
deviation of the sum may be approximated as follows: 

36 (2r 12 <n<T,) =36-2-0= .373 (S«r) 2 

The standard volume error for the entire stem resulting from 
deviations of upper diameters from the equation of the stem curve, 
corrected for correlation between deviations at different sections, 
may then be stated as 

+ .373(S(r) 2 or 

AD * 7 

since a has already been shown to be 25.06 — j - 

g.=-y/ • T J + 2{AD»-Y)J 

The standard errors for entire trees computed separately for each 
form class by the formula <7 S = V2Jer 2 + .373 (2<r) 2 from the data of 
Table 7 are shown in Table 9 and Figure 19 for western yellow pine 
and western white pine. The standard error appears to be almost 
constant except in the highest form classes of the 'western yellow 
pine, where the divergence of the tops from the formula increases 
the error considerably above what would be expected from the errors 
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within series conforming more exactly to the formula. In making 
the calculation for western white pine the data for form classes 55 
and 80, four trees in each class, were omitted in order to restrict 
the calculation to series agreeing very closely with the formula as 
shown by Table 6. For the same reason the three trees of form class 
85 in western yellow pine were omitted from the calculation of the 
average standard error. 



FORM CLASS 


Fig. 19.—Standard errors in volume caused by deviations of upper diameters from the formula 


Table 9. —Approximate standard errors in percentage of volume caused by deviations 
of upper diameters from the formula 


Form class 

Western yellow pine ! 

Form class 

Western white pine 

™ s " 
A 

Number 
of trees j 

Actual 

average 

form 

quotient 

Standard 

error 

volume 

Number 
of trees 


! Percent 

| 



Per cent 


45. ! 

46 0 1 4.40 

3 , 

60. 

60.1 

3.72 

23 

55. 

55 6 , 3.96 

6 i 

65. 

65.4 

4.21 

47 

60. 1 

60.2 ! 4.30 

17 ■ 

70. 

69.7 

3.98 

43 

65.! 

66.1 , 4.15 ! 

! 29 1 

75 ___ 

73.7 

3.50 

16 

70. 

70.2 | 4.59 

55 ! 





75 . 

75 0 4.29 

70 | 





80 . 

79.1 , 5.43 

18 





85 . 

82.6 | 6.22 

3 ; 


l 



Average . 

70.44 | 4.48 

198 1 

Average. 

! 66.92 

3.96 

129 
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Fox* the entire 198 western yellow pines with average form quotient 
of 70.44, the standard error caused by deviations in upper diameters 
was 4.48 per cent and for 129 western white pines averaging 66.92 
in form quotient the standard error from this source was 3.96 per 
cent. The difference between the figures obtained for the two 
species may be due in part to the fact that western white pine is in 
general a smoother, more regularly shaped tree than western yellow 
pine, but the difference is so slight that it will be safe to assume an 
average figure for general application. 

Taking an average of these figures, say 4.2 per cent, as the standard 
volume error due to the normal variation of upper diameters of the 
trees included in any form class, the net volume errors of the different 
series given in column 4, Table 6, can be modified to deteimine 
whether or not the errors indicate significant divergence from the 
formula. The probable error of an average is given by the formula 

67450. 

PE a = : —7= in which a is the standard deviation of the individual 
•V ! n 

trees, 4.2 per cent this case, and n is the number of trees in the average. 
Column 6, Table 6, calculated from this formula, gives the probable 
error in each series attributable to the normal variation of upper 
diameters. Any volume error exceeding this probable error may be 
considered as indicative of significant divergence from the formula, 
since the chances are more than equal that such an error would arise 
from normal variation of the upper diameters rather than from 
the sampling alone. On this basis column 7, Table 6, shows the net 
volume error attributable to divergence from the formula in the 
different series. It will be noted that for about half the series listed 
the errors of column 4 are of a magnitude which might result from 
simple sampling alone, and that errors attributable to divergence 
from the formula seldom exceed ± 1 per cent except in the large form 
classes. 

ANALYSIS OP VARIATIONS FROM THE FORMULA 

In the material presented above a definite and constant tendency 
was noted in many of the species for the tops in the larger form classes 
to fall below the values given by the formula. With eastern hemlock 
the form of the entire tree differs markedly from that given by the 
formula, but the divergence appears to be an exaggerated case of the 
type noted for the other species. An attempt has been made to 
analyze the nature of these variations in a search for a more perfect 
expression of stem form. 

A generalized taper series should give values representing an 
average for all the species to which it applies, and hence should give 
lines through the centers of the bands of points in Figure 16, which 
indicate the spread of values for the various species at each tenth of 
the stem. 

The extremely limited range of the belts of points in the chart and 
the similarity of form factors as shown above leave little doubt but 
that all the species studied except hemlock may be measured with a 
single set of taper curves. The lines representing the formula 
cc 

V^E~+bx however, fall near the upper limits of the belts of points 

in the top sections of the larger form classes rather than through 
the centers, and the question therefore arises as to the possibility of 
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finding an equation more nearly representing the average in all cases 
without sacrificing the simplicity of the formula already deduced. 

By drawing a smooth curve through the center of each belt of 
points, an average taper series may be obtained. This series may be 
harmonized by replotting, and used directly as the basis for volume 
and taper tables, but, inasmuch as the original placing of the curves 
and their subsequent harmonization would vary with the individual 
doing the work as well as with the material used as a basis, such 
a series could never have the nicety and precision of a series based 
on a mathematical formula nor lend itself so well to analysis and 
comparison. 

Considerable study was, therefore, devoted to the problem of fitting 
an equation to the average taper series obtained from the chart, but 

x 

none was found which seemed superior to y from the stand¬ 

point of simplicity and exactness as well as closeness of fit. 

From this study it is quite apparent that any improvement over 
x 

the equation y = —tV- must involve more than two constants. Inas- 
a ~t~ ox 

much as the definition of form quotient fixes only two points on the 
curve, the evaluation of constants in an equation with more than two 
constants necessitates resort to a method of approximation, and the 
resulting constants will vary according to the empirical values used 
in the calculation. Furthermore, in problems such as this, where 
separate constants must be derived for each form class, the constants 
should progress systematically from one form class to another. To 
accomplish this requires plotting the constants derived from the data 
in order to smooth out the irregularities between form classes. The 
constants derived by this process are, therefore, subject to variation, 
and as a result the equation loses much of its value as an exact and 
precise measure of the stem curve. It is no longer entirely inde¬ 
pendent of the errors of sampling in the field data nor of personal 
judgment in manipulation. It does not seem that the slight improve¬ 
ment in closeness of fit and reduction of volume errors in the larger 
form classes which may be obtained by an equation with more than 
two constants is sufficient to warrant the sacrifice of the simplicity 

x 

and exactness of the equation y= a 

It is of interest, however, in support of the general theory that all 
trees taper in accordance with the same law and that their taper may 
therefore be expressed by a single type equation, to study the fit^ of 
more complex equations to the average series and their adaptability 
to the peculiarities of the individual species. In this investigation a 
modification of the original equation, such as x/y — a + bx + c log x 
or x/y^a + bx+ee**, seems to give the most satisfactory fit under all 
conditions. 

Between these two equations there seems to be little choice from 
the standpoint of ability to fit closely any of the individual series. 
For some species the former type is slightly superior and for others 
the latter more truly represents the shape of the curves. In attempt¬ 
ing to evaluate the constants to fit the average series derived graphi¬ 
cally it was found exceedingly difficult if not impossible to hannonize 
the" constants from one form class to the next with the use of the 
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equation x/y = a -rbx + ce 6x , but little difficulty was encountered in 
deriving a satisfactory set of constants for the equation x/y=*a + hx + c 
log x. "For either type equation, however, constants may apparently 
be found which will give values exceedingly close to any of the indi¬ 
vidual taper series examined, including hemlock. This seems to 
indicate that the minor variations noted between different species are 
all of the same general type and that all may be expressed in terms 
of the same mechanical law. 

Using the constants given in Table 10, which were derived from 
the graphic average series as outlined above, taper series have been 
computed for the equation xjy = a + bx -f- c log x and the results are 
shown in Figure 16 for comparison with the original equation and the 
material. 

Table 10 .—Constants for x/y—a+bx-{-c log x 


Form class 

.i 

a 

b 

I 1 

0 1 

i Form class 

i a i 

b 

c 

I 

45.-.i 

1.222 ! 

-0. 222 

0.000 

j 70. 

1 j ' 

I 0. 515 i 

0.60S 

s 

, -0.0615 

50.| 

| 3.000 

.000 

.000 j 

! 75. 

.448, 

.716 

' -.0820 

55 _ _ 

. S22 , 

.186 

-.0030 1 

80. 

. 393 | 

.812 

-.1025 

60. 

.696 

.346 

-. 0210 i 

i Si. 

.347 ! 

.898 

-.1225 

65--- 

.596 1 

i 

.486 

-.0410 1 

1 

1 

j i 

1 ! 




To show how slight is the effect on volume computations of the 
refinements gained by this series, the absolute form factors have 
been computed by Simpson’s rule for approximate integration and are 
given in Table 11 together with those derived from the equation 
x 

y^—rrr' The constant c has no appreciable value until form class 60 
€L~t Ox 

is reached, so that up to this point there are no differences in the 
absolute form factors. 


Table 11. —Comparison of absolute form factors 


Form class 

Absolute form factors 

Difference 

Volume 

differ¬ 

ence 

xiy=a+ \ x 

bz+c log 2 y ~a+bz 

60. 

0.4032i 0.4031 

.4413 . 4414 

.4816! .4827 

.5257! .5281 

.5742 .5792 

.6276 .6385 

| 4-0.0001 

I 0001 

-.0011 
0024 
| -.0050 

—. 0109 

Per cent 
4-0.02 
02 
-.23 
-. 46 

1 --S6 

— 1 71 

65. 

ro...; 

75.I 

80. i 

85..... 




It will be noted that up to form class 75, which is seldom if ever 
exceeded as an average in forest stands, there is not over 0.5 per 
cent difference in the total cubic volumes as measured by the two 
equations and, as the tapers vary most widely in the tips, a large part 
of this small volume difference lies in the unmerchantable portions 
of the stem. 

EFFECT OF VARIOUS FACTORS UPON THE FORM CURVE 

In the outline of the development of the form-class system in 
Sweden it was pointed out that previous to 1911 European foresters 
had established the fact that taper based on form quotient was 
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independent of diameter, height, locality, and, to a certain extent, 
species. On the other hand Wright (26), after considerable work 
with Canadian species, states that taper within a given form class 
varies with species, diameter, age, and probably height also. Baker 
(I) and Behre (4) have both shown that the differences found by 
Wright practically disappeared when the distortion of the breast- 
high-diameter by root swell was eliminated from the material. The 
wide variety in the character of the material included in the present 
study tends to confirm the European conclusions in this respect, 
yet it is worth while to inquire more in detail into the effect of various 
factors upon the form curve in order to check up on this point. 

The western yellow pine and red spruce data are especially suitable 
for this analysis because they cover such a wide range of conditions. 
With the aid of mechanical sorting and tabulating machines, these 



Fig. 20 —Effect of diameter, height, and age on form curve of western yellow pine 

data were therefore sorted and averaged separately for each of the 
factors for which notes or measurements were available. 

The method of analysis used for each factor is illustrated by the 
following instance of grouping by diameter classes. All the trees 
of a given species were first sorted into 4-inch d. b. h. classes. The 
percentile tapers were then added together for each 4-inch class to 
get an average taper series for each class regardless of form quotient. 
For the series thus obtained corresponding values of xfy were com¬ 
puted, and these were then plotted to note their conformity to the 
formula and for comparison with one another. If the form curve 
of the species varies with diameter the smaller trees will exhibit in 
this plotting a different tendency from that of the larger trees. 
Comparison of the tendency exhibited by these series with those 
evident in grouping by other factors gives further indication of the 
effect of the various factors upon the form curve. 

Figure 20 shows the result of averaging the western yellow pine 
material by diameter, height, and age. No important or consistent 
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divergence from the straight lines are discernible in any of the group¬ 
ings, so that we may conclude that in general the conformity of 
western yellow pine to the formula is independent of diameter, 
height, and age. 















Oct. 15,1927 Form-Class Taper Curves and Volume Tables 


721 


In the grouping by crown classes the suppressed trees hold their 
taper in the tips much better than the other classes and the greatest 
divergence of the tops from the formula occurs in the dominant 
class. The fact that the open-grown trees do not show any diver¬ 
gence of the tops from the formula as might be expected in comparison 
with the dominant class is hardly significant in view of the small 
number of trees upon which the figures are based. 

» la the grouping by forest types the terminology is in accordance 
with the definitions of forest types adopted by the New England 
Section of the Society of American Foresters (0) except for Nos. 8 
and 9. Type 8, “culled spruce and hardwoods/' was differentiated 
from type 5, “spruce and hardwoods,” in order to bring out any 
difference in form which may result from the changed conditions 
under which the residual stand develops after a heavy culling. Type 
9, “second growth,” -was differentiated to cover a number of trees 
so designated on the original tally sheets, which probably represent 
second-growth stands resulting from fire, windfall, or other natural 
phenomena, differing radically in character from the usual old growth 
of the various types but still not partaking of the characteristics of 
the old-field type. 

The divergence of the tips below the formula is most pronounced 
in the culled spruce and hardwoods type, and considerably more 
than the average in old-field and spruce-swamp types. But none of 
these variations are of much importance, nor are they in excess of 
similar divergencies appearing at random in some of the other 
groupings. It may be noted, however, that figures from western 
white pine left after selective logging 15 years previously showed a 
very similar tendency to differ slightly in form from trees grown in 
undisturbed forest conditions throughout their existence. This is 
doubtless the result of an entirely different distribution on the stem 
of the wood produced each year, caused by the sudden change in 
exposure following opening up of the stand. It is also reasonable 
to suppose that as the trees develop further they will again adjust 
themselves to the new conditions in accordance with the mechanical 
laws which control the distribution of wood, and eventually regain 
a form curve similar to that found in natural and undisturbed stands. 

On better sites the divergence of the tops below the formula 
appears greater than on poorer sites, but again the difference is not 
important. 

From this summary we may conclude that, although minor 
tendencies to differ in form type may be observed, none of them are 
of sufficient importance to warrant special treatment; and accord¬ 
ingly for all practical purposes we may consider tapers based on 
the formula to apply equally well under all conditions. It should 
be noted, however, that these analyses apply only to the type of 
form curve and that nothing is indicated here as to the effect of the 
various factors upon the average form quotient or upon the thickness 
of bark and amount of root swell at the breast-height point. These 
matters are the subject of further investigations now under way. 

DEVELOPMENT OF TOTAL CUBIC FOOT VOLUME TABLES 

Total cubic foot volume tables may be derived from the absolute 
form factors in Table 5 by the method used by Jonson (IS) and 
outlined in Chapman's Forest Mensuration (6), which involves the 
70990—2T-4 
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derivation of breast-high form factors as the basis for computation 
of cubic contents. 

In this procedure the normal diameter at the ground is calculated 
by prolonging the equation of the stem curve down to the ground 
separately for each height class. In the same way a new middle 



diameter is computed for each height class on the basis of total 
height. These values give a new set of absolute form quotients 
for which corresponding absolute form factors are interpolated from 
the curve of Figure 17. These absolute form factors are then 
converted into breast-high form factors. 
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Froin a set of breast-high form factors computed in this way 
form-height products were derived by multiplying each factor by 
its corresponding height. These form-height products are shown in 
Figure 23. They are based on total cubic foot contents of the stem 
without bark. The chart permits interpolation of the form height 
products for trees of any height from 20 to 200 feet and for any 
form class from 40 to 85. In the construction of this chart calcula¬ 
tions of the form height products were made only for height classes 
20, 25, 30, 40, 60, 80, 120, 160, and 200 in form classes of 5 units 
each. 

The next step is to multiply the form-height products by the 
basal areas corresponding to the different inch classes for the range 
likely to be needed in any particular case. The resulting volume 
tables will show the contents of trees according to their normal 
diameter inside bark, and will serve for all species which conform 

x 

approximately to the type equation V — jf+fc This step can be 

accomplished most economically by plotting the tables on logarithmic 
coordinate paper. Since the plotting of volume on diameter on 
logarithmic paper gives a series of straight lines for different height- 
classes, the lines can be accurately placed from the computation for 
only two or three selected diameter classes. 

The final step in the completion of the tables must be taken 
separately for each species (or group of species) because of differ¬ 
ences in bark thickness and amount of root swell at breast height; 
for practical reasons the final volume tables should be based on the 
usual breast-height measurement rather than normal diameter 
inside bark. The normal diameters corresponding to the different 
d. b. h. classes must, therefore, be determined separately for each 
species. With this relation worked out, as will be illustrated later, 
the transformation to the final volume tables can best be done on 
the logarithmic plotting of the tables for each form class, cubic 
foot contents on normal diameters with a curve for each height 
class, by drawing vertical lines on the abscissae corresponding to 
even inches of d. b. h. 

TAPER CHARTS FOR DIAMETER, HEIGHT, AND FORM CLASSES 

As a basis for volume tables in board feet, ties, poles, or other 
units of product it is necessary to convert the percentile taper series 
of Table 5, derived from the generalized equation, into taper tables 
or charts giving diameters and heights in absolute rather than relative 
terms. To work out arithmetically from the percentile taper series 
the diameters at specified heights for all sizes and form classes required 
in a volume table is quite tedious and serves only the purpose of that 
particular table. At any time when it may be desired to make a 
new table using different standards of utilization or based on a dif¬ 
ferent class of products the entire job may have to be repeated. 

It is, therefore, not only desirable but economical to put the taper 
tables into permanent form for general use with all species to winch 
the basic equation of the stem curve applies. This can be done to 
best advantage by a graphic method suggested by Hohenadl (12). 

The percentile tapers from Table 5 are first plotted on logarithmic 
coordinate paper and smooth curves drawn through the points for 
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each form class. These curves are then transferred to a sheet of 
transparent tracing paper. The actual diameters in inches at any 
height in feet for trees of any size can now be read directly by shifting 
the curves on the respective axes for diameters and heights. This 
procedure is illustrated by Figure 24, in which only form class 70 is 
shown. Curve I shows the preliminary plotting of the percentile 
tapers which is transferred to tracing paper. 

If the percentile tapers are multiplied by the normal diameter at 
breast height, 16 inches for example, the result will be actual diame¬ 
ters in inches at the respective percentages of the tree's height above 
breast height. This is accomplished graphically by shifting the 
curve in the direction of the diameter axis until the breast-height 
point (x = 1.00) corresponds to the normal diameter in question, 16 
inches (Curve II). In this transformation the logarithm of 16 is 
added to the logarithm of each of the percentile taper series. 



Pig. 24—Conversion of percentile taper curves to absolute values 

To convert the percentile heights at which the diameters are now 
expressed to actual heights in feet is accomplished in a similar manner 
by shifting the curve in the direction of the height axis until the breast- 
height point corresponds to the total height of the tree less 4.5 feet. 
Thus from Curve III we read the diameter 30 feet from the tip of a 
60-foot tree with normal diameter of 16 inches a.s 11.7 inches. It is 
necessary to note that the height scale is for distances from tip, so 
that to read scaling diameters at different heights above ground 
requires first the simple conversion of the desired heights to distances 
from tip for each height class. 

The conversion of the percentile taper series into tables of taper for 
different diameter height and form classes may also be accomplished 
by means of an alinement chart 5 designated to solve the equation of 


* For a discussion of the theory of alinement charts, see: (5, 8 , 17 ). 



oct. is, 1927 Form-Class Taper Curves and Volume Tables 


725 


the stem curve, y=- + Such a chart has been worked out and is 

presented as Figure 25. This chart permits direct reading for any 
value of the form quotient, rather than for certain arbitral classes, 
but it is not as convenient to read as the logarithmic chart. 



The complete solution of the equation from the chart is best 
accomplished with the aid of two silk threads attached to small pins 
at either end, working with the chart fastened upon a drawing board. 

d> x d x 

The equation ^ may be rewritten in the form ^ = ^ + 5 (%-!) * 
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since a + h = 1 in all cases. In this form the equation has four com¬ 
ponents and can be solved with a pair of intersecting lines on the 
alinement chart. An extra operation is required, however, to get 
values for the component x. 

The first operation gives the value for x and involves expressing 
the distance from the tip at which the diameter is to be determined 
as a percentage of the height above breast height. This is accom¬ 
plished by stretching one of the strings from the given point on the 
scale “distance from tip, feet” across the value corresponding to the 
total height on the diagonal scale for height, to its intersection with 
the horizontal scale “distance from tip in per cent,” at which point a 
pin should be placed. The broken line (1), Figure 25, shows that 30 
feet from the tip of a 60-foot tree is 54 per cent of the distance from 
tip to breast height. 

Now stretch the thread from the pin already placed on the x scale 
across the required form class on the diagonal scale calibrated for 
this variable and pin it in this position. Broken line (2) illustrates 
this for form class 70 and the value of x given by line (1). 

Now stretch the second string from a given value on the vertical 
scale for “normal diameter at breast height,” across the intersection 
of the fixed thread and the unlabeled diagonal line, to the vertical 
scale for “upper diameters,” from which the value sought may be 
read. In the illustration, broken line (3) shows that the upper 
diameter 30 feet from the tip of a 60-foot tree of form class 70 is 
11.7 inches when the normal diameter at breast height is 16 inches. 
The upper diameters for the given distance from tip, total height, 
and form class can now be read for trees of any diameter by rotating 
the thread for line (3) about the intersection of line (2) and the 
unlabeled diagonal, and reading the upper diameters corresponding 
to successive normal diameters at breast height. Just as in the case 
of the cubic foot volume tables, the relation between actual diameter 
breast high and normal diameter must be worked out before the chart 
can be used for any specific table, 

II. APPLICATION TO WESTERN YELLOW PINE 

The application of the general form-class taper charts and volume 
tables to the measurement of stands of timber of any given species 
requires, first, a study of the relation between the normal diameter 
inside bark at breast height and the actual breast-high diameter for 
the species in question; second, a study of the variability of the 
form quotients and absolute form factors of the trees in a stand in 
order to justify the use of an average form quotient for the entire 
stand; and, third, a method of determining the average form quo¬ 
tient of the stands to be estimated in the field so that the proper 
form-class table may be selected for each set of conditions. 

These factors, being inherent in the timber itself, enter into the 
application of any system of volume tables, and a method of analysis 
which will shed light on any of them will aid materially in improving 
the technic of timber estimating. 

The following sections are not presented with any sense of finality 
but are merely intended to illustrate the problems to be met and to 
suggest in the light of work already done—especially that in Sweden, 
briefly reviewed in the introduction to this paper—what appears to 
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be the most practical method of handling the application of the 
general form-class volume tables. Further study is required to 
give more adequate knowledge of the fundamental principles involved 
and of the best method of procedure in working out the relations for 
any specific case, but the results shown for the limited amount of 
western yellow pine material available are in general agreement with 
the Swedish work, in so far as they are comparable, and also with 
fragmentary investigations of other species in this country. 

REDUCTION OP BREAST-HIGH DIAMETER FOR DOUBLE BARK THICKNESS AND 

BUTT SWELL 

# The simplest method by which the reduction of actual breast-high 
diameters for bark thickness and butt sw r ell can be taken care of is to 
determine an average value of the required reduction for each 
diameter class and apply these figures quite generally over the entire 
range of the species in question. If it can be shown, that the sum of 
double bark thickness and root swell at breast height is closely 
enough correlated with the breast-high diameters so that the normal 
diameters inside bark may be estimated from the latter with a reason¬ 
able degree of accuracy, this method will be quite satisfactory for 
all practical purposes. 

Accordingly the sum of double bark thickness and root swrell at 
breast height for each tree was tabulated for the computation of the 
coefficient of correlation. (Table 12 and fig. 26.) The amount of 
root sw r ell was in each instance determined as previously described by 
plotting the original tapers on cross-section paper and extending the 
normal convex curve of the upper part of the stem down to breast 
height whenever the root swull extended above this point. 

Table 12 .—Correlation of double bark thickness and butt swell at breast height to 
breast-high diameter; western yellow pine 
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Total . 

9 

8 

23 , 19 j 15 ; 8 | 19 i 15 

I 1 i i i 

19 17 3 

6 

11 

10 

3 

3 

L 1 

160 


Mi=16.80 inches; M y =2.96 inches; <r*=8.16 inches; <r„«l,7S inches; r-0.8530±. 0198; ^=0.865=fc.Q182 
5*0.186; S,,*±.929G; if*.lS6x-0.16. 


From this table the coefficient of correlation was found to be 
+ 0.853 ±0.0198. This correlation appears fairly satisfactory and 
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seems to indicate that the relation between the breast-high diameter 
and the corresponding reduction for bark thickness and butt swell 
may be expressed graphically as a straight line. 

To further test this point the correlation ratio corrected for number 
of arrays 6 was also computed. If the difference between the squares 
of the correlation ratio and the coefficient of correlation is found to 
be insignificant, the relation may be assumed to be rectilinear. The 
correlation ratio was found to be ± 0.865 ± 0.018. 

The difference between the squares of the correlation ratio and the 
coefficient of correlation is 0.0206 and the standard error of this 
difference is ±0.0208. Since the difference is no greater than its 
standard error it can not be considered significant and a straight 
line will express the desired relation. 



Fig. 26.—Reduction of breast-high, diameter for double bark thickness and butt swell, western 
yellow pine, north Idaho 

The formulae and symbols used in these and succeeding calculations 
are as follows : 


d=deviation from approximate mean of variable denoted by 
subscript 

d 0 = deviation of approximate mean from true mean 

n = number of observations 

2 == sign of summation 

m = mean of variable denoted by subscript 

<7 = standard deviation of variable denoted by subscript 
' ~2 
— d 0 2 




n 


r —coefficient of correlation = —^A ss 

n<r x cr v 

s r “standard error of coefficient of correlation= 


1 — r* 
V n 


* For an explanation of the “correlation ratio” see (#?, 27 ). 
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^my” standard deviation of means of y arrays 


rj 0 — correlation ratio = 


army 

~*y 


V — correlation ratio corrected for number of arrays = 
Tc = number of arrays 




k-8 

n 

h^2 

n 




= standard error of correlation ratio = - 7 = 

\ 71 


s v 2- r 2 = standard error of 77 s — r 2 = 2 


V - ST 


b = regression coefficient of bark thickness and butt swell on breast- 
high diameter = 

s y = standar d erro r in estimating y from x by regression equation 

= <r y Vl “ >* 2 

The regression equation for estimating double bark thickness 
and butt swell from breast-high diameter was computed from the 
above correlation as 2 / = 0.186 £—0.16. 

The standard error in estimating the double bark thickness and 
butt swell of individual trees from their breast-high diameter by 
this relation is ±0.93 inches. But for volume table purpose we are 
not interested in the estimation of the normal diameter for each 
individual tree, but desire only to know the average normal diameter 
corresponding to each d. b. h. class. The error for such class averages 
will be reduced in proportion to the square root of the number of 
trees in the average, so that for 20 trees the standard error would be 
about 0.21 inches. Since the variability of the observations increases 
with increase in diameter, and since the error likely to be incurred 
would be more serious for small trees than large ones, it is desirable 
to express this error as a percentage of the normal diameter obtained 
from the estimate, rather than in inches regardless of size as above. 

To do this the reduction of breast-high diameter for each tree was 
computed from the regression equation. These were then com¬ 
pared with the actually measured reductions and the deviations 
expressed as percentages of the calculated normal diameters. From 
these percentile deviations, the standard deviation was found to be 
± 5.55 per cent. This means that the standard error in calculating 
the normal diameter for any tree from the regression equation y = 
0.186 x —0.16 will be ±5.55 per cent. 

The same result may be approximated without the arithmetic of 
computing the deviations for the individual trees by simply ex¬ 
pressing the standard error of estimate from the regression equation 
( 0.93 inch) as a percentage of the average diameter of the material 
(16.8 inches). 

To express the error in estimation of normal diameter in terms of 
effect upon volume we may follow a procedure similar to that used for 
errors due to variation of upper diameters (p. 710). 
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Thus for the volume of the tree 

f=| r* hi 

Ffl/=rate of change of volume with change in normal diam¬ 
eter. 

Since normal diameter, F— 1 and since 5=1, 

F-J/,andg>-f/, 


~ f.d = change in volume for deviation 
and 

=standard volume error arising from deviation in normal 

diameter. 

Therefore 



= 2cr^= standard error as percentage of volume due to deviation 
in normal diameter. 


The standard error in percentage of volume corresponding to a 
standard error ± 5.55 per cent in the estimation of the normal diam¬ 
eter of individual trees will therefore be ±11.1 per cent. 

Of course it is not probable that this relation will prove to be 
rectilinear for all species, but the general procedure illustrated by the 
western yellow pine material may still be followed. First, determine 
whether there is a satisfactoiy correlation and whether the relation 
is rectilinear by computing the coefficient of correlation and the 
correlation ratio. Then fit a curve to the diameter class averages by 
use of the regression coefficient if rectilinear and graphically if cur¬ 
vilinear. 

Further study may indicate the desirability of including some other 
factor than d. b. h. in the estimation of the double bark thickness and 
root swell, but nothing definite is available on this point as yet. 


TJSE OF AVERAGE FORM QUOTIENT FOR ENTIRE STAND 

The use of an average form quotient for all the trees in a stand is 
justified by the assumption that positive errors in measuring trees 
with form quotients below the average will be offset by negative 
errors in measuring trees with form quotients above the average. 
This hypothesis will hold good if the form of the trees in the stand is 
independent of their size and if the average form quotient used 
corresponds to the average absolute form factor of the trees in the 
stand and hence to the tree of average volume. 

Material from two entirely different types of western yellow pine 
stands was used to study these points. The first of these stands was 
typical open virgin growth, partly pure and partly mixed with white 
fir (Abies concolor) and Douglas fir, on good rolling agricultural soil 
near Worley, Idaho. The second type of stand was fully stocked 
even-aged second growth, 35 to 55 years old, along the foothills north 
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of Moscow, Idaho. Forty-eight tree measurements were taken at 
random from the virgin stand and 47 from the second growth. 

The coefficient of correlation between form quotient and diameter 
was —0.228 ±0.138 in the virgin stand and —0.453 ±0.117 in the 
second growth. These figures indicate practically complete inde¬ 
pendence between form and diameter in the virgin stand but a slight 
tendency for the larger trees to have lower form quotients in the 
even-aged second growth. 

The form of the trees within a stand is also practical^ independent 
of height, for the coefficient of correlation between form quotient 
and height was only ±0.259 ±0.136 for the virgin stand and 
±0.0245±0.147 in the second growth. 

These results check with the work of Mattsson, who states that the 
range of form quotients in trees of the average class is as great as 
that in the entire stand. 

It has previously been shown that the absolute form factors are 
not proportional to the form quotients, but vary in geometric pro¬ 
gression with a ratio of increase of approximately 1.9 per cent per 
unit of form quotient. However, since this ratio of increase is so 



ABSOLUTE FORM FACTORS 


Fig. 27.—Dispersion of form factors in stands of western yellow pine 

low, the curve of form factors on form quotients does not depart 
widely from a straight line within the range of values ordinarily 
encountered in a stand and so the difference in weight to be given to 
trees above and below the average form quotient will not be impor¬ 
tant. Furthermore, the slight error involved from this cause will 
be offset in some cases because the larger trees tend to average slightly 
lower in form quotient. Thus the larger trees should be given less 
weight in an average based on form quotient because of their slightly 
lower form quotient but more weight because of their greater diam¬ 
eter. For a check on the importance of this point the distributions 
of absolute form factors and form quotients were analyzed in the 
two types of stand already described. These distributions are pre¬ 
sented in Table 13 and Figure 27. The distributions for both are 
slightly skew but less for the form factors than for the form quotients. 
For the virgin stand the actual average form quotient was 74.9 and 
the form quotient corresponding to the average absolute form factor 
was 75.1. For the even-aged second growth these figures were 68.6 
and 68.8, respectively. The differences are entirely insignificant 
and the distributions are so nearly normal that we may safely use a 
direct average of the form quotients and apply the normal laws of 
error in evaluating the precision of the average. 
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Table 13 .—Dispersion of form quotient and form factors in western yellow pine 

stands 

YOUNG EVEN-AGED STANDS 


Form quotient 

Num¬ 
ber of 
trees 

Moving average of 
thiee classes 

j 

1 Form quotient 

i 

i 

! 

' Moving average of 

1 three classes 

j 

Median 

form 

quo¬ 

tient 

j 

Num¬ 
ber of 
tiees 

Abso¬ 

lute 

form 

factor 

IN UIIi-j 

Median 
tiees ', form 
quo¬ 
tient 

Num¬ 
ber of 
trees 

Abso¬ 

lute 

form 

factor 

52 0-52 9 



1 

0.351 

1 68 0-68.9. 

3 1 

68.5 

9 

0.471 

53.0-53.9 

1 

53.5 



! 69.0-69 9. 

1 , 

69 5 

11 

.479 

54.0-54 9. 



2 i 

] ! 

.364 

i 70.0-70 9.. 

7 

70. 5 

13 

.488 

55.0-55 9 

l 


.371 

1 71.0-71.9.. 

5 ; 

71 5 

14 

.496 

5fi 0-56 9. 



1 

.378 

1 72.0-72.9.-. 

2 ; 

72.5 

8 

.505 

57.0—57 9. 



i! 

.385 

1 73.0-73.9. 

1 i 

73.5 

5 

.514 

58 0-58 9 

1 


i | 

.393 

74 0-74 9.. 

2 I 

74.5 

4 

.523 

59.0-59 9. 


59 5 

3 | 

.400 

1 75.0-75.9. 

1 i 

75.5 

4 

.532 

60.0-60.9 

2 

60.5 

2 | 

.407 

t 76.0—76 9__ 

1 

76 5 

3 

.542 

61 0-01.9.. 


61.5 

1 4 ! 

.414 

i 77.0-77.9. 

1 | 

77.5 

2 

.552 

62.0-62.9 

2 ; 

62.5 

3 , 

.422 

' 78.0-7S.9. 


78.5 

2 

.562 

63.0-63 9. 

’ i 

63 5 

4 - 

.430 

79 0-79.9... 

1 i 

79.5 

1 

.573 

64.0-64 9 

i 

64 5 

6 

.438 

80.0-80,9. 


80.5 

2 

. 5S4 

65 0—65.9. 

4 

65.5 

s : 

.448 

SI 0-81 9. 

i j 

81 5 

1 

. 595 

66 0-66 9.. 

3 

66.5 

12 1 

.454 

82.0-92 9. 


82.5 

1 

.606 

67 0-67.9. 

5 i 

67.5 

11 1 

.462 

1 


i 

i 





VIRGIN STAND 


Form quotient 

Num¬ 
ber of 
trees 

Moving average of 
two classes 

Form quotient 

Num¬ 
ber of 
trees 

Moving average of 
two classes 

Median v- 

SE :teSf 

Sent , ««« 

! 

Abso¬ 

lute 

form 

factor 

Median 

form 

quo¬ 

tient 

Num¬ 
ber of 
trees 

Abso¬ 

lute 

form 

factor 

66 0-66.9. 

! 

. 1 1 

66.0 

1 

0.450 

75.0-75.9. 

6 

75.0 

11 

0.528 

67.0-07.9. 

! 2 1 

67.0 

3 

.458 

1 76.0-76.9. 

6 

76.0 

12 

.537 

68 0-68.9. 

' 1 , 

68.0 

3 

.466 

■ 77 0-77.9__ 

5 

77.0 

11 

.547 

69 0-69.9. 

! l , 

69.0 

2 

.475 

i 78.0-78.9. 

4 

78,0 

9 

.557 

70 0-70.9. 

' 3 

70.0 

4 

.483 

i 79.0-79.9. 

1 

79.0 

5 

.568 

71 0-71.9. 

1 1 

71.0 

4 

.492 

i 80.0-80.9. 

2 

80.0 

3 

.579 

72.0-72 9. 

4 • 

72 0 

5 

.501 

81.0-81.9. 

1 

81.0 

3 

.590 

73 0-73,9... 

4 ! 

73.0 

8 

. 510 

82.0-82.9. 

1 

82.0 

1 

.601 

74.0-74 9. 

5 i 

74.0 

9 

. 519 

'! 


83.0 

1 

.613 


Direct average form quotient: 

Young even-aged stands...08.0 

Virgin stand. 74.9 

Form quotient corresponding to average form factor: 

Young even-aged stands...08.8 

Virgin stand. 75.1 


In the virgin stand the form quotients showed a range of 16 units, 
from 66 to 82, with a standard deviation of ±3.7 units. In the 
second growth the range was 28 units, from 53 to 81, with a standard 
deviation of ±5.6. This higher variability is doubtless due in large 
measure to the more heterogeneous character of the stands from which 
the trees are selected. Eliminating only 3 of the most extreme trees 
reduces the range to 21 units, from 58 to 79, and brings the standard 
deviation down to ±4.5. In both stands the dispersion followed 
closely the normal frequency distribution, and the range of form 
quotients in trees of average diameter was as great as the range in 
the entire stand. These figures are in close agreement with similar 
studies made elsewhere, as shown in Table 14, and a standard devia¬ 
tion of ±4.5 in form quotient may be taken as an average for general 
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use. Since each form-quotient unit corresponds to approximately 
1.5 per cent of total volume, the standard volume error in the use of 
an average form quotient for the entire stand will be =6.75 per cent. 

Table 14. —Dispersion of form quotients within the stand 


Species ! Reference 

! Range ' stand- 

! ! urd 

, 1 ! devia- 

p Mini- Maxi- tion 

Xura- 1 mum mum ! forrn- 

berof 1 form form 1 quo- 

trees nrvlti ; quo- quo- 1 tient 

umib i tient tient i units 

i. 

Western yellow pine: 

Virgin stand.!... 

i 

i 

i 

4S 1G ■ m ' S2 , ±3 7 

44 91 - SR ' 7U \ -1-4 5 

Young stand... 

Western white pine. Behre (MSS.;_j 

European larch. Mattsson (1917) 1 

2S 22 

52 74 ' ±4.o 

, -j-4 4 

Jack pine*..... Wright (1923) 

2C0 28 

100 22 

5S , SG ±3.9 

59 ■ SI i =t:4.5 

Northern white pme..do...i 



ESTIMATION OF AVERAGE FORM QUOTIENT 

For the estimation of the average form quotient of stands in the 
field the indirect method based on the form-point idea which has 
been developed in Sweden and outlined in the introduction to this 
paper should be applicable to any conditions. The use of this method 
requires the working out of a relation between form quotient and form 
point. For this purpose a procedure similar to that used in working 
out the reduction of breast-high diameter for double bark thickness 
and butt swell was employed. Measurements of form point were 
available for only 138 tress. Of these 48 were taken in different 
parts of a mature stand of varied density and mixture, 50 were taken 
on average trees selected from a number of even-aged second- 
growth stands covering a wide range of ages and sites, and 40 were 
deduced from measurements of crown length on trees from young 
second growth and young merchantable timber. The data are tabu¬ 
lated for calculation of correlation in Table 15 and shown graphically 
in Figure 28. 


Table 15. —Correlation of form point and form quotient; western yellow pine 


Form quotient X 100 

Form point—(percentage of total length from tip to nearest 0.5) j 

Total 

13.0- 

17.5 

1S.0- I 23.0- 
22 5 27.5 

2 SO- 
32 5 

33 0- 
37.5 

1 

38 0- 1 43 0- 
42.5 j 47.5 

48 0- ; 53.0- 5S.0- 
52 5 ! 57.5 62.5 

63 0- 
67.5 

46.1-47J? 
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fi7 R-7H fl 

1 o 
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3 
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24 
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1 
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.i 1 
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35 

28 
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4 j 3 ! 4 

3 
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Actual average form point, „ 
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20.9 | 25.3 

29.9 

35.3 

40.2 ' 44.5 
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The coefficient of correlation was found to be —.752±.037 and 
the correlation ratio, corrected for number of arrays,. — ; 788±.032. 
Although the plotting of the averages, as in Figure 28, indicates some 
tendency toward curvature, the difference between the squares of the 
correlation ratio and coefficient of correlation is only 1.38 times its 
standard error, and as this is hardly sufficient to warrant the assump¬ 
tion of a curvilinear relation a straight-line relationship may be used 
with sufficient accuracy. The regression equation computed on this 
basis is— 

?/= — .4966 X +87.22, which for practical use may be rounded 
off as 

y = — .05 X +87. 



FORM POINT - DISTANCE FROM TIP IN PER CENT OF TOTAL HEIGHT 

Fir,. 28.—Correlation of form point and form quotient; western yellow pine, north Idaho; basis, 

13S trees 


The standard error of estimating the form quotient of an individual 
tree from its form-point height by this equation is ±4.63, which 
would result in a standard error of cubic volume estimate of about 
6.94 per cent. Just as in the reduction of breast-high diameter for 
double bark thickness and butt swell, however, this relation will be 
used for estimating the average form quotient of a stand from its 
average form-point height, rather than for individual tress. The 
standard error of such an estimate may be derived by statistical 
method. The standard error in estimating the form quotient of indi¬ 
vidual trees from their form points (±4.63 units) is in fact the stand¬ 
ard error of the observations of the individual form quotients, the 
true variability of which has been shown to be about ±4.5 units. 
The standard error of the observed values will then be— 

°±1= V &x + o'/ 

in which x x - observed deviation, x = true deviation and d = error of 
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observation. From this the standard deviation of an average from 
quotient based upon measurement of form point on n trees is— 



The number of trees which should be measured as the basis for 
determination of the average form quotient will therefore depend upon 
the limit or error which is allowed the average. If the standard error 
of the average is set at ± 1 form-class unit, which is equivalent to 
saying that the chances are only 1 to 80 that the observed average 
form quotient will fall more than half the form-class interval above or 
below the true average, it will be necessary to measure the form point 
on more than 40 trees. Thus— 


If 


1 


-V- 


2 +4.63 2 


n 


71 = 41.69 


> 


The estimation of the average form-point height in the field does 
not involve any difficulty. It is best accomplished with the aid of a 
Christen hypsometer calibrated uniformly into tenths so that, when 
the total height of the tree is just included between the upper and 
lower notches of the instrument, the relative height of any point on 
the stem can be read directly as a percentage of the total height. 
The relative height of the form point is measured with this instrument 
on a number of trees of normal development selected at random in the 
stand and these measurements are averaged. The experience of the 
writer, working with a number of assistants in these stands of western 
yellow pine and also in timber of other types, confirms the conclusion 
that different persons will agree so closely in their estimate of form 
point in the stand that personal judgment offers little difficulty. The 
writer believes that in practice the forest will not have to be sub¬ 
divided any further for the application of the form-class principle 
than is customary in the segregation of types and age classes. In 
other words, it is thought that a separate estimate of form quotient 
would only be required for such changes of type or age class as are 
ordinarily recognized in timber cruising. 

The writer also believes that further study of variations in average 
form under different conditions will make it possible to use, without 
preliminary estimation, a single form-class table for timber of a given 
species in certain broad, easily recognized categories throughout its 
range. His observations in this respect agree with Wright {26) who 
states that all mature stands of northern white pine will fall into form 
class 70 and that slow-growing black spruce as a type would fall into 
form class 68. Mature stands of western yellow pine in north Idaho, 
it is believed, will fall quite consistently into form class 75. 

It may be of interest to note that the relation established by statis¬ 
tical method for western yellow pine checks almost exactly with the 
writers preconceived notion gained in measuring plots for a yield 
study in even-aged timber. In this work the average form class for 
each stand was estimated by eye, and from this the average form point 
determined. On many occasions a few sample trees w T ere cut and 
measured in detail. It soon appeared that form class 75 corresponded 
to a form point 25 per cent from the tip of the tree and that each 
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increase of 5 per cent in the distance of the form point from the tip 
corresponded to a decrease of 2.5 form-class units. The statistical 
result could not have been biased by this notion because most of the 
trees from which the correlation was computed were measured before 
the idea had been formulated and in entirely different stands, the 
form points being measured entirely independently and without any 
idea of what the form quotients would prove to be. 

It is of further interest to compare these results with the form-point 
relation developed by Jonson (15) in Sweden. Jonson^s figures fall 
into a slight curve with form quotients from 3 to 5 units below the 
western yellow pine regression line. As pointed out in the introduc¬ 
tion to this paper Mattsson {20) found Jonson’s function about 2 
units low for European larch, Petrini (23) found it equally low for 
Norway spruce and {24) about 6.5 units low for Lapland pine. From 
the absolute form factors it has been shown that each unit of form class 
corresponds to a cubic volume difference of about 1.5 per cent. 
These results suggest that, although it will be necessary to study the 
form-point relation for each species separately, it may eventually be 
found that a single function will hold good for many species. 

NET ERROR OF ESTIMATE. VOLUME TABLE CHECKS 

The method of application of the universal form-class tables having 
been explained and figures indicative of the errors to be expected in 
each step in the case of western yellow pine given, it remains to evalu¬ 
ate the net error from all sources which may be expected in the use 
of this system and to check this theoretical measure of accuracy by 
tests on representative stands. 

Where a species, such as western yellow pine, has a form curve in - 
conformity with the formula errors in estimating volume by the 
form-class system based on this formula arise from four sources. 

In the first place, an error may be expected in the estimate of any 
tree or stand from the use of an average form quotient for the entire 
stand. Then an error will arise from the fact that this average form 
quotient can not be determined by direct measurement, but is esti¬ 
mated indirectly from the average form-point height. The third 
source of error is the use of an average reduction of the breast-high 
diameter in each size class for bark thickness and butt swell. Finally, 
an error is to be expected from the normal variation of upper diameters 
within the arbitrary form-class interval of five units. 

From the foregoing discussion the errors in the estimate of individual 
trees in any western yellow" pine stand are summarized in Table 16. 


Table 16 .—Standard errors in estimation of volume of individual trees by universal 
form-class volume table system; western yellow pine 



Standard error 

Source of error 

Unit measured 

Equiva¬ 

lent 

volume 

I T se of average form quotient for entire stand ___ 

±4.5 F. Q. units_ 

Per cent 
±G. 75 

Estimate of average form quotient from average form point of 42 
trees. 

Estimate of normal diameter from d. b. b___ 

±1.00 F. Q. units... 

±1.50 

±5.55 per cent normal diam¬ 
eter. 

±4.2 per cent volume_ 

±11.10 

Normal variation of upper diameters within the form-class in¬ 
terval. 

±4.20 


Net error from all sources- __ __ 


±13.74 
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The i>et error from all sources is calculated according to the 
formula— 

cr s = V ai + cr 2 2 4- <r 3 2 + cr 4 2 

in which er u ^ ^ <r 4 , are the standard errors from each source sepa¬ 
rately. This gives a net standard error of approximately 13.74 per 
cent. 

The error in estimating the volume of an entire stand may be derived 
from these figures by reducing each error proportionately to the total 
number of frees in the stand—except that the error in the estimation 
of average form quotient from form point will be the same in the 
estimate of the entire stand as for any individual tree in the stand 
unless a greater number of observations are made. On this basis 
the net standard errors in the estimation of entire stands are given in 
Table 17 for stand samples of three sizes. 

Table 17 .—Standard errors in estimation of volume of entire stands by universal 
form-class volume table system; ivestern yellow pine 


Source of error 


Use of average form quotient for entire stand... 

Estimate of average form quotient from average form point of 42 trees. 

Estimate of normal diameter from d. b. h. 

Normal variation of upper diameters within the form-class interval.— 

Net error from all sources....... 


1 Percentage of volume 
by number of trees in 
stand 


100 | 200 j 1000 


1 

i 

P.ct. i 

P.et. 

P. ct . 

0.68 i 

0.48 

0.21 

1 1 o : 

1.5 

1.5 

1.11 

.78 

.35 

.42 

.30 

.13 

i 2 03 

1 

1.78 

! 1.56 


From the table it appears that ordinarily the most important 
source of error in applying this system arises from the estimation of 
the average form quotient of the stand. Using 40 or more trees for this 
purpose results in a net standard error in the estimate of stands 
containing more than 100 trees of less than 2 per cent. Increasing 
the number of trees upon which the form point is measured to 100, 
as would be entirely feasible in a strip estimate of a large area, 
reduces the error to a little over 1 per cent. 

To check the above theoretical figures by actual tests on typical 
samples, the two sets of western yellow pine material already 
described on page 730 may be used. 

The normal diameter for each tree was computed from its actual 
breast-high diameter with a slide rule. The form height for each 
tree was read from Figure 23 for the even form class corresponding 
most closely to the average for the stand. These form heights were 
then multiplied by the basal areas corresponding to the normal 
diameters. The total volume was corrected 1.5 per cent for each 
unit of form quotient by which the actual average of the stand 
differed from the even form class used in the computation. This 
result was compared to the actual volume of the trees computed by 
the Smalian formula for the sections above breast height and with 
the portion below breast height considered as a cylinder. The 
deviations of the individual tree volumes corrected in the same way 
for average form quotient were also computed and averaged. 

70990—27-5 
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For the 47 trees from even-aged second-growth stands the actual 
total volume was 363.66 cubic feet. Their volume was estimated 
from the formula as described above as 355.87 cubic feet. The 
difference amounts to -2.14 per cent. The average deviations of 
the individual trees was 8.81 per cent with the positive and negative 
errors well distributed over the range of diameter classes. 

Since in this check the error in estimating the average form quotient 
of the stand was eliminated by using the actual average form quo¬ 
tient of the material, the theoretical error to be expected would be 
derived from the other figures of Table 16 by reducing them in pro¬ 
portion to the square root of the number of trees. The standard 
error of the aggregate estimate of 47 trees is ±1.95 per cent. On 
the same basis the theoretical standard error in the estimate of 
individual trees becomes 13.6 per cent, which is equivalent to an 
average deviation of about 10.8 per cent. Thus, although the actual 
aggregate error is a trifle greater than the theoretical standard error, 
the actual average deviation is less than the theoretical average 
deviation and the individual errors are well distributed as to sign, 
so that the check may be considered satisfactory. 

The actual volume of 49 trees in the virgin stand was 7,654.35 
cubic feet and the estimate from the formula gave 7,722.05, or an 
aggregate difference of +0.88 per cent. The average deviation of 
the individual trees was 12.4 per cent. For 49 trees the theoretical 
standard error is ±1.95 per cent. In this case the actual aggregate 
error is well within the theoretical standard error, and although the 
average deviation is slightly greater than the theoretical average 
error, since the positive and negative errors are well distributed over 
the range of diameter classes, the check is on the whole satisfactory. 

The virgin stand from which these trees were selected was differen¬ 
tiated into two fairly distinct types. About half of the trees came 
from a shallow draw in which the yellow pine was mixed with other 
species such as white and Douglas firs. The other half came from 
adjacent stands in which the timber was pure yellow pine of typical 
parklike, open character. The trees from each of these types were 
checked separately to see what difference might be revealed. 

In the pure stand 24 trees showed an aggregate error of —7.42 
per cent, which is 2.7 times the theoretical standard error of ±2.78 
per cent. The average deviation was 11 per cent and the majority 
of the deviations were negative. 

In the mixed type 25 trees showed an aggregate error of +6.77 per 
cc it, or 2.5 times the theoretical standard error of ±2.73 per cent. 
The average deviation was 14.5 per cent and nearly all the errors 
were in the positive direction. From these figures it is evident that 
the mixed stand of virgin western yellow pine differs consistently 
in some manner from the pure type. 

Further examination of the original data indicates that the reason 
for the large errors in estimating these virgin stands lies in the estimate 
of normal diameters from the actual breast-high diameters. It 
appears that in the mixed type the butt swell averaged consistently 
above the average while in the pure type it ran slightly below the 
average. In view of this it may be necessary to have separate curves 
of normal diameter on breast-high diameter for different types or 
sites; but the available western yellow pine data are not adequate to 
settle this point. 
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It is important to note that the failure of the form-class tables, as 
used in this example, to measure satisfactorily the individual com¬ 
ponents of the data from the virgin stand of western yellow pine 
does not constitute a valid argument against the system as a whole. 
In fact, it serves to illustrate one of the main advantages of the 
system. It is obvious from the figures given that no single volume 
table could measure both the pure and the mixed stand accurately, 
since the differences are inherent in the timber itself and not in the 
tables used for its estimation. By the form-class percentile taper 
system these differences can be analyzed and the errors ascribed to 
their respective causes, whether they be due to differences in the 
form curve of the trees as a whole, variations in form quotient, or 
variations in thickness of bark and amount of butt swell at breast 
height. The author already has under way in spruce and balsam 
fir in the northeast more detailed studies of the factors influencing 
bark thickness and butt swell and the variations of form under 
different conditions. 

SUMMARY 

I. GENERALIZED TAPER CURVES AND VOLUME TABLES 

Unsatisfactory results in the application of volume tables in this 
country may be due primarily to failure of the tables to recognize 
differences in form quotient and variations in bark thickness and 
butt swell at breast height. 

A highly satisfactory system of timber estimating has been devel¬ 
oped and used in Sweden upon the basis of a formula derived by 
Hojer to express the general law of stem taper. 

In the present studies diameters are measured at intervals of 10 
per cent of the height of the tree above breast height. Distortion of 
butt swell is eliminated graphically from the breast-height measure¬ 
ment, and all diameters are expressed as a percentage of the normal 
diameter at breast height. Grouping may therefore be done inde¬ 
pendent of size upon the basis of normal form quotient, which is the 
ratio of the diameter inside bark half way between breast height and 
the tip and the normal diameter at breast height. 

Analysis of western yellow pine material showed that Hojer’s 
equation gave values for the upper sections of the larger form classes 
far above those actually attained by the trees. This tendency had 
also been noted by other investigators, notably in the cases of Scotch 
pine and European larch in Sweden, and northern white and Nor¬ 
way pines in Canada. 

By methods of graphic analysis a new equation, having the form 

y = a + was fitted to the western yellow pine material. In this 

equation x = distance from the tip, expressed as percentage of total 
height above breast height, at which diameter, y } expressed as per¬ 
centage of normal diameter at breast height, is measured. A series 
of tapers fitting this equation will fall into a straight line when values 
of xfy are plotted on x. 

x 

The equation di+lx was ^ oun< ^ ^ species fairly 

closely: Norway spruce, Scotch pine, European larch, Siberian larch, 
western white pine, Douglas fir, Norway pine, northern white pine, 
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white, red, and black spruce, balsam fir, longleaf pine, shortleaf pine, 
loblolly pine, and gray birch. For several of these species the values 
given by the formula are still somewhat higher than those attained 
by trees of the larger form classes in the upper portions of their stems, 
but the new formula comes very much closer to approximating the 
general average form than that devised by Hojer and has the further 
advantage of being very much easier to work with. Eastern hem¬ 
lock was the only species differing widely from the formula. 

Cubic volume increases geometrically with form quotient with a 
change of 1.9 per cent of volume above breast height and an average 
of 1.5 per cent of total volume corresponding to each unit of form 
quotient. The standard error in percentage of volumes due to the 
normal variation of upper diameters of the trees included within a 
form class interval of five units is approximately ± 4.2 per cent. 

Compaiison of the absolute form factors for the different species 
with those corresponding to the formula, after making allowance for 
the standard error to be expected from normal variation of upper 
diameter within the form class interval (Table 6), shows that for most 
of the species analyzed the divergence of the tops of the trees from 
the values given by the formula does not give rise to significant 
volume errors and that significant errors of more than ± 1 per cent 
are seldom found except in the larger form classes. 

An attempt to modify the basic equation to give a better average 
fit in the tops of trees with large form quotient gave unsatisfactory 
results, because no equation could be found which combined a better 

tC 

fit with the simplicity and ease of handling of the equation 

Comparison of absolute form factors with those of an equation of the 
type xly = a-\-bx + c log x, which gives a very close approximation of 
the average tapers of all the species analyzed, shows that up to form 
class 75, which is seldom if ever exceeded as an average in forest 
stands, there is not over 0.5 per cent difference in the total cubic 
contents as measured by the two equations. 

Calculating the tapers of ^western yellow pine separately by diame¬ 
ter, height, and age, and of red spruce separately by diameter, height, 
age, crown class, forest type, and site showed no significant differences 
in the form curve from any of these factors. The most noticeable 
variation appeared in the red spruce from heavily culled stands and 
from old-field growth, where the tops fell somewhat further below 
the values given by the formula than is characteristic for this 
species under other conditions. 

Tables of total cubic-foot volume are constructed from the per¬ 
centile taper series by the method used by Jonson and outlined in 
Chapman’s “Forest Mensuration”. This leads to a set of volume 
tables based on normal diameter, height, and form class applicable 
to any species conforming to the formula. Final tables for any 
individual species are derived from these general tables by reading 
the normal diameter corresponding to each actual breast-high 
diameter class for the species in question. 

The percentile taper series are easily converted into absolute 
values for different normal diameters and heights with the aid of 
logarithmic coordinate paper, or an alignment chart may be used to 
calculate graphically the diameters at any point on the stem for trees 
of any diameter, height, and form class. 
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II. APPLICATION TO WESTERN YELLOW PINE 

The application of volume tables derived from the formula by this 
method requires a calculation of the average reduction of breast- 
high diameter for double bark thickness and butt swell for different 
species and an estimation of the average form quotient of each stand. 

The average reduction of breast-high diameter for double bark 
thickness and butt-swell was derived from the coefficient of correla¬ 
tion and may be expressed as 0.186 d. b. h. —0.16. The standard 
error resulting from estimating the normal diameter of an individual 
tree from its actual breast-high diameter is ± 5.55 per cent of the 
desired normal diameter, which is equivalent to ±11.1 per cent of 
volume. It is possible that different relations will have to be 
developed for differences in site or type of timber. 

The form quotients of the trees composing any stand are practi¬ 
cally independent of diameter, height, and species. The standard 
deviation of the form quotients within a stand is generally about 
±4.5 units for any species. 

Although form quotients are not exactly proportional to absolute 
form factors, the} r are so nearly so that an average form quotient 
may be used safely for the entire stand. The standard volume error 
in estimating the volume of individual trees from the average form 
quotient of the stand is ±6.75. 

The form-point system may be used for estimating the average 
form quotient of the stand. The standard error in estimating the 
form quotient of individual trees from their form-point heights is 
±4.63 units. Since each unit of form quotient is equivalent to 
about 1.5 per cent of volume this would result in a standard error of 
±6.94 per cent in cubic-volume estimate. 

Measurements of form point on 42 trees in the stand are necessary 
to attain a standard error in the average form quotient of not over 
± 1 form-class unit. 

Experience may enable cruisers to judge average form class of 
stands of timber from the physiognomy of the forest. A separate 
estimate of the form class should only be necessary for such changes 
of type or age class as are ordinarily recognized in timber cruising. 

The net standard error from all sources in estimating the volumes 
of individual western yellow pine trees by the universal form-class 
volume table system is ±13.74 per cent. In applying this system 
to entire stands with samples of over 200 trees and average form 
quotient determined by form-point measurement of at least 40 trees, 
the standard error is about ± 2 per cent. 

CONCLUSIONS 

The fundamental principle upon which this system is based, 
namely, that taper expressed in relative rather than absolute terms is 
independent of diameter and height for trees of a given form class, 
was established by European research 17 years ago and has been 
repeatedly checked since that time. 

The further extension of this principle which postulates that 
taper within a given form class is also independent of species is shown 
to hold true within certain limits when butt swell is eliminated. 
Individual species show’ characteristic differences in taper principally 
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in the upper portions of their stems, but for most commercial coni¬ 
fers these differences are not sufficient to justify independent treat¬ 
ment. 

This permits the use of tables calculated from a mathematical 
formula and based upon the normal diameter at breast height for a 
large number of species and eliminates a large part of the labor in 
volume table construction, at the same time supplying much stronger 
tables than can be produced by the old system. 

The application of these general tables involves a separate study 
of the reduction of the breast-high diameter for bark thickness and 
butt swell for each species. This factor is chiefly dependent upon 
the breast-high diameter itself, but further study is required to dis¬ 
cover what other factors may have a measureable influence upon it. 

The underlying principle of generalized percentile taper series may 
be applied with almost equal economy and precision whether or not 
use is made of a formula for the stem curve. Neither is it necessary 
to differentiate form classes in the final tables for field application. 
Tables based on average form for stands of certain characters or for 
different sites may be derived just as with the old conventional 
system but without working up an entirely new set of material for 
each new table. Baker (2) has outlined a method of using the 
percentile curve idea without reference to a formula for the stem 
curve and without differentiating form quotients in the final tables. 

The following are the chief advantages of the generalized percentile 
taper curve system of volume table construction. Of the points 
listed, the first four apply especially to the preparation or testing 
of basic tables; it will require further study to establish completely 
their validity with respect to the determination of normal diameters 
at breast height. 

1. A relatively small number of trees is required as a 

basis for dependable tables, because the data are 
not subdivided into size classes before averaging 
and therefore fewer trees are needed to get strong 
averages, 

2. The tables are just as strong for extreme values in 

either diameter or height as they are for size classes 
w r ell represented in the data. 

3. The tables can be extended beyond the range of the 

data with almost as much certainty as attaches to 
the main body of the table. 

4. The technic of preparing the tables is extremely 

simple and remarkably free from errors of indivi¬ 
dual judgment in the placing of curves, etc., 
numerous graphical checks insuring the accuracy 
of the arithmetical work. 

5. Subordinate tables for different units of product or 

different standards of utilization may be prepared 
with a minimum amount of labor. 

6. The system provides a basis for analyzing the dis¬ 

turbing factors in the use of volume tables and 
permits the evaluation of errors from various 
sources separately. A definite check for similarity 
of form is provided for testing the application to 
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any stand of timber and the usual volume checks 
are, therefore, susceptible of more accurate inter¬ 
pretation. No difficulties in the use of this system 
have yet been suggested which are not inherent 
in the timber itself and so equally a source of uncer¬ 
tainty in any system of volume tables. This 
system gives each factor due consideration, thus 
bringing the disturbing elements to light and 
paving the way for improvement of timber estima¬ 
ting technic. Little help can be expected from 
other systems which ignore these disturbing 
elements altogether. 
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THE EFFECT OF ABSORPTION BY PLANTS ON THE 
CONCENTRATION OF THE SOIL SOLUTION 1 

Bv Cabl S. Scofield 

Senior Agriculturist in Charge , Office of Western Irrigation Agriculture, Bureau of 
Plant Industry , United States Department of Agriculture 

INTRODUCTION 

In many irrigated regions the force of circumstances operates in the 
direction of requiring the most economical and efficient use of irriga¬ 
tion water. In some situations the area of available land is greater 
than the supply of water. In others, where water must be lifted to 
reach the land, the cost of pumping is a powerful incentive to sparing 
use. There are still other situations where it is believed that the 
extravagant application of water contributes to the saturation of the 
subsoil, a condition popularly known as water-logging. Many of the 
troubles that occur on irrigated land are believed to be due either 
directly or indirectly to the excessive use of irrigation water. 

Although there are many cogent reasons for advocating the most 
sparing use of water in irrigation, there are also reasons why enough 
water should be used to prevent the accumulation of injurious quanti¬ 
ties of soluble salts in the root zone of the soil. Nearly all irrigation 
waters carry in solution appreciable quantities of salts. Certain of 
these salts are absorbed by crop plants to a limited extent, but others 
are used very little if at all. Where the system of irrigation is such 
that all the water applied to the soil is held within the root zone, the 
salts brought to the land by the irrigation water remain in the root 
zone, largely dissolved in the solution. 

There are two assumptions with respect to irrigation practice that 
are very generally accepted but which do not appear to be well 
supported. These may be stated as follows: 

(1) That crop plants absorb the soil solution, including both the water and 
its dissolved salts, substantially as it occurs in the soil. 

(2) That the ideal system of irrigation is one in which only enough water is 
applied to the soil to moisten the root zone to its water-holding capacity, in order 
to supply the needs of crop plants and to meet the unavoidable losses of direct 
evaporation. 

These two assumptions are very closely related. The second is 
really based on the first. If the first is not well founded, the second 
is certainly open to question. 

Persons who have studied the physiology of plants or who are 
familiar with the literature of that subject do not generally hold the 
view that plants absorb the soil solution as it exists in the soil. To 
them the phenomenon of selective absorption is readily accepted as 
a fact. They conceive that a plant may absorb water or any dis¬ 
solved electrolytes or gases according to its needs and almost if not 
quite independently of the relative abundance of the various con¬ 
stituents in the solution. Numerous experiments have been made, 
the results of which support this view. For the most part these 
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experiments have been designed to show the selective absorption by 
plants as between certain electrolytes in the solution, and it seems 
generally to have been taken for granted that the rate of water 
absorption is also independent of the rate of absorption of the dis¬ 
solved substances. From what is known of the phenomena of 
absorption by plants it is entirely conceivable that a crop plant 
might absorb water from a soil solution and at the same time not 
absorb corresponding quantities of the substances dissolved in that 
solution. In other words, a plant having its roots in contact with a 
soil solution might, during its period of growth, modify the character 
of the solution in the direction of increased concentration—a result 
similar to that which would follow if water were lost from the solution 
by evaporation. 

Although such a result of absorption by plants is entirely in accord 
with known facts, there does not appear to be in the literature of the 
subject very much in the way of direct evidence on this point. For 
that reason it seemed desirable to conduct experiments that should 
yield such evidence. The experiments described in the following 
pages were designed with that end in view. They were planned in 
detail by the writer but were conducted by James F. Breazeale at 
the University of Arizona, who prepared and analyzed the culture 
solutions and who was also responsible for the care of the cultures 
and for making the various observations, except the conductance 
determinations, which were made by H. Y. Smith, also of the Univer¬ 
sity of Arizona. 


PURPOSE OF THE EXPERIMENTS 

The experiments were planned to give unequivocal answers to the 
following questions: 

1. Does the plant absorb its nutrient solution as the solution is presented to 
the roots? 

2. If water and electrolytes are absorbed from the nutrient solution at differ¬ 
ent relative rates, are these rates influenced by the concentration of the nutrient 
solution? 

These questions may be stated in another way: 

3. Does the plant, when its roots are in contact with a concentrated nutrient 
solution, absorb the water and the electrolytes at the same rate? 

4. If, even from a dilute solution, the water is absorbed faster than the electro¬ 
lytes, is the difference in rate of absorption greater as the solution is made more 
concentrated? 

For the information of those who may not have the time or the 
inclination to read the details of the description of the experiments 
and the discussion of its results, it may be said here that questions 1 
and 3 are answered in the negative and questions 2 and 4 in the 
affirmative. 

DESCRIPTION OF THE EXPERIMENTS 

The experiments involved the use of 25 seedlings of barley or 
wheat, grown as one lot, with their roots immersed in 950 c. c. of 
nutrient solution. During the period of the experiment the seedlings 
were supported on a perforated disk covering the glass jar containing 
the solution. This disk was covered with a soft wax in such a way 
as to hold the seedlings in position and at the same time to seal the 
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mouth of the jar and prevent the loss of water from the solution bv 
direct evaporation. 

The seedlings were obtained by sprouting a large number of seeds 
on perforated aluminum disks floating in tap water. When the 
seeds were well sprouted, with plumules about an inch long, it was 
possible to pick out lots of 25 that were apparently uniform in size 
and vigor. These were then transferred to the nutrient solutions and 
sealed in. The cultures were grown during the latter part of March, 
1927, in a greenhouse at the university at Tucson, Ariz. 

The culture solutions were obtained in the following manner: A 
quantity of surface soil taken from a field near Jaynes Station in the 
Santa Cruz Valley, near Tucson, Ariz., was leached with distilled 
water through a filter. The percolate was diluted to have a con¬ 
centration of total salts estimated as approximately 0.5 per cent. 
This percolate was then analyzed, with the result shown in the second 
column of Table 2. It was also tested electrically for its specific 
conductance at 25° C. and for its alkalinity as expi’essed by the Ph 
scale. One portion was tested in its natural condition and another 
portion after it had been boiled and its volume restored by the 
addition of distilled water. 

A part of the original stock solution, found by anafysis to contain 
5,760 parts per million of total solids, was diluted with an equal 
quantity of distilled water to obtain a culture solution of one-half 
that concentration, or 2,880 parts per million. Another part was 
diluted with 3 parts of distilled water to make a culture solution hav¬ 
ing 1,440 parts per million. These two diluted solutions were also 
tested electrically both in the natural condition and after boiling. 
The results of the electrical tests for all three culture solutions are 
shown in Table 1. 

Table 1. —Total solids, specific conductance, and alkalinity oj the three culture 
solutions before and after boiling 


; Specific conductance at! * u-aiimK- 

Total | 25° C. | * UUlm3t5 tPs) 



Solution No. 

(parts per 

million) iBefore boil- 

1 '" ' ! 

After boil- j 

Before 

After 



ing 

mg | 

boiling 

boiling 

1. 


. 5,760 ! 0.006873 

0.007193 i 

8 0 

8.0 

2. 


. 2,880 I ,003844 

.003907 I 

7.9 

7.8 

3_ 


1.440 ! .002008 

. 002075 1 

7.9 

7.8 

' 

i 


In the experiment of March, 1927, four lots of seedlings of 25 plants 
each of barley and of wheat were placed in jars of solution No. 3, 
containing 1,440 parts per million total solids. There were two lots 
each of barley and wheat in jars of solution No. 2, containing 2,880 
parts per million of total solids, and three lots each of barley and wheat 
in jars of the original solution containing 5,760 parts per million. 
The seedlings were left in contact with the solution for 11 days, during 
which period a portion of it was absorbed by the roots and the water 
was transpired by the leaves. At the end of this period each jgr was 
weighed, and the loss was taken as the measure of the quantity of the 
solution absorbed and of water transpired. 
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At the end of this first period also the seal of each jar was broken 
and a portion of the solution was withdrawn to be tested electrically 
for conductance and alkalinity, both in its natural condition and 
after boiling. After these tests the solution that had been withdrawn 
was then returned to the jar, and enough distilled water was added to 
replace the quantity that had been transpired. After this addition 
of distilled water another sample of the culture solution was with¬ 
drawn to be tested electrometrically as before. This tested portion 
was then returned to the culture jar, the jar was again sealed, and 
the seedlings were allowed to absorb the solution for a period of 13 
days. 

At the end of this second period of growth each solution jar was 
again weighed to determine the transpiration loss. The seedlings 
were then removed from the solution, and each lot was weighed in the 
fresh condition and again after drying to constant weight at 100° C. 
The solution remaining in each jar was sampled to be tested electro¬ 
metrically, following which test each solution was again made up to 
its original volume by the addition of distilled water and again tested 
electrometrically. After this test each set of solutions of the same 
original concentration as used for each kind of seedlings were com¬ 
posited and samples were taken for analysis. In these analyses the 
six chief constituents were determined for each of the three solution 
concentrations as shown in Table 2. 

Table 2. —Results of analyses of original culture solutions Nos. 1 , 2, and S and of 
composites as restored to original volume at the conclusion of the experiment 


[Data m parts per million] 


Solids and ions identified 

| 

I Solution No. 1 

Solution No 

2 

Solution No 3 

Origi- 
i nal sg- 
! lution 

1 

] 

After 1 After 
barley ; wheat 

| 

Ongi- | Wfpr 
nalso-! barlfv 
lution j l)arlej | 

After 

wheat 

Origi¬ 
nal so¬ 
lution 

After 

barley 

After 

wheat 

Total solids... 

5,760 

5,240 ' 

5,2SC 

2 , 8SC | 2,472 ' 

2. 456 

1,440 

1,128 

1,200 

Calcium. 

325 

291 , 

292 

162 1 147 

147 | 

81 

66 

60 

Magnesium.. 

.1 52 

44 

45 

! 25 ! 17 1 

15 ! 

13 

9 

8 

Bicarbonate.. 

112 

288 j 

264 

! 56 i 168 

192 | 

28 

72 

96 

Chloride... 

,_! 588 

(316 

5S8 

l 294 ' 280 , 

2G6 

147 

112 

112 

Sulphate. .. 

2,688 

2, 542 j 

2, 545 

! 1,344 1,224, 

1,205 

672 

574 

570 

Nitrate... 

266 

144 j 

160 

j 133 i 0 

0 

60 

0 

0 

Total ions identified.. 

. 4,031 

3,925 ! 

3, S94 

| 2,015 | 1.S36 j 

1. 825 

1.007 

833 

846 


Table 2 shows that the solutions when restored to original volume 
were slightly less concentrated at the end of the experiment than at 
the beginning. It must be realized, how r ever, that the quantity of 
water absorbed by the seedlings during the 24 days of the experiment 
w r as approximately equal to the original volume in each case. This 
result makes it very evident that the plants did not absorb the 
solution as it existed in contact with their roots, but that they ab¬ 
sorbed chiefly the water and only a small proportion of the dissolved 
material. In general, each of the ionic constituents was partially 
absorbed by the plants. The exception was the bicarbonate. With 
this constituent in every case the quantity identified at the end of 
the experiment was greater than at the beginning. This increase 
was probably due to the evolution of carbon dioxide from the plant 
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roots. The effect of this process was also indicated by a comparison 
of the P H values of the solutions at the beginning and at the end of 
the experiment. The average P H value of the original solutions was 
7.9, whereas at the end it had dropped to 7.6 for the barley solutions 
and 7.5 for the wheat solutions. This increase in the bicarbonate 
anion was partly offset by decreases in the sulphate and nitrate 
anions, both of which were taken up to a greater extent than the 
chloride anion. The nitrate was completely absorbed from the more 
dilute solutions. 


INTERPRETATION OF RESULTS 


The primary aim of this experiment was to observe the effect of 
the absorption by the plants upon the concentration of the solution. 
In order to avoid unnecessary complications, it seemed desirable 
not to use up any of the solution for analysis during the progress of 
the experiment. Yet it was important to compare the solution 
concentrations at the end of each growth period with the initial 
concentrations. For this purpose it seemed practicable to use the 
method of electrical conductance. With this method a sample of 
the solution could be withdrawn from each culture jar, its conduct¬ 
ance measured, and the sample returned to the jar without appre¬ 
ciable alteration. 

In order to standardize these conductance determinations for each 
solution, each sample that was analyzed gravimetrically for total 
solids at the beginning and at the end of the experiment was also 
tested electrometricallv. For example, solution No. 1 at the begin¬ 
ning of the experiment showed by evaporation 5,760 mgm. per liter 
of total solids. The same sample showed a specific conductance at 

25° C. of 0.006873 reciprocal ohm. Whence: = or 


83.8X0.006873 = 0.5760. At the conclusion of the experiment the 
three solutions of No. 1 in which barley seedlings had been grown 
were restored to their original volume by the addition of distilled 
water and tested for conductance. The mean of these three observa¬ 
tions gave a specific conductance at 25° C. of 0.006653 reciprocal ohm. 
These three solutions w r ere then composited and a sample taken fo 
analysis, which showed total solids of 5,240 mgm. per liter. Whence 1 ] 


0.5240 

0.006653 


78.7. 


The mean of these twx> factors, i. e. s 81.3, w T as taken 


as the conversion factor for interpreting the conductance determina¬ 
tions made on cultures of barley in solution No. 1 during the progress 
of the experiment. By the same method conversion factors were 
obtained for each of the other culture solutions. 

The detailed interpretation of the observations made during the 
experiment may be followed through by reference to Table 3, which 
gives the results obtained from three lots each of barley and wheat 
seedlings growm in solution No. 1. The volume of solution used 
for each culture w~as 950 c. e., and this contained originally 5,472 mgm. 
of salts or total solids. 
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Table 3. —Results of growing barley and wheat seedlings in salt solution No. 1 


[25 plants in 950 c. c. culture solution containing 5,472 mgm. of salt] 




Barley seedlings 

Wheat seedlings 

Growth period and item 










Lot 

Lot 

Lot 

Lot 

Lot 

Lot 



No. 10 

No. 11 

No 12 

No. 10 

No. 11 

No. 12 

First growth period, 11 days. 








Water transpired. 

..c e .. 

232 

215 

228 

241 

263 

332 



5,105 

5,165 

5,144 

5,159 

5,219 

5,107 

baits, .mgm.-(Restored b _ 


5, 232 

5, 269 

5,246 

5,421 

5,249 

5,202 

Mean... 


5,168 

5,217 

5,195 

5,290 

5,234 

5,154 

Salts absorbed. 

.mgm.. 

304 

255 

277 

182 

238 

318- 

Concentration of original solution.. 

.ppm. e .. 

5,760 

5,760 

5,760 

5,760 

5, 760 

5,760 

Concentration of absorbed solution 

.do.... 

1.310 

1,177 

1,215 

755 

905 

953 

Second growth period, 13 days: 








Original salt content.. 

.mgm.. 

5,168 

5,217 

5.195 

5,290 

5,234 

5,154 

Water transpired. 

_c. c__ 

466 

434 

406 

596 

575 

639 

0 __ /Residual a ._. 


j 4,890 

4,906 

4,779 


| 4,904 

4,553 

Salts..mgm—| Restore(1 „. 


' 5,073 

5,168 

5,173 

5,059 

| 5,127 

5,160 

Mean.. 


j 4,981 

j 5,037 

| 4,976 

5,059 

| 5,015 

4,856 

Salts absorbed..... 

..mgm.. 

; is7 

180 ! 219 

231 

! 219 

298 

Concentration of original solution.. 

.ppm. e .. 

5,440 

5, 492 

5,46$ 

5,568 

1 5,509 

5, 425 

Concentration of absorbed solution. 

..do_ 

401 

415 

539 

387 

381 

466 

Total growth period, 24 days: 


| 






Total water transpired... .. 

..C. C-. 

698 

649 

034 

837 

S3S 

971 

Total salts absorbed.. 

..mgm_. 

.1 491 

435 

496 

413 

457 

616 

Concentration of absorbed solution. 

.ppm 

.! 703 

670 

7S2 

493 

| 545 

634 

Dry weight of 25 plants. 

..gm_. 

2 47 

2 14 

2 23 

2 44 

; 2.77 

2.85 


° Computed from conductance of residual solutions. 
b Computed from conductance of restored solutions. 
« Parts per million. 


During the first 11 days of the growth period the barley plants of 
lot No. 10 transpired 232 c. c, of water, as determined by weighing the 
culture jar at the beginning and at the end of that growth period. 
There remained, therefore, 718 c. c. of solution in the culture jar. 
A sample of this residual solution when tested showed a specific 
conductance at 25° C. of 0.008747 reciprocal ohm. This value mul¬ 
tiplied by the conversion factor 81.3 and the product multiplied by 
the volume of the residual solution, 718, gives a figure for the quan¬ 
tity of salt left in the solution, viz, 5,105 mgm. 

The sample of the residual solution that was tested for conduct¬ 
ance was then returned to its culture jar, and distilled water was 
added to I'estore the solution to its original volume. After this res¬ 
toration, another sample was taken for a conductance determination. 
This sample showed a specific conductance at 25° C. of 0.006774 
reciprocal ohm. This figure when multiplied by the conversion fac¬ 
tor 81.3 and the product multiplied by the solution volume, 950, 
gives 5,232 as another figure for the quantity in milligrams of salt in 
the culture solution. It was deemed advisable to make these tw r o con¬ 
ductance determinations partly as a check against errors of observa¬ 
tion and partly because it was thought that the culture solution might 
be near the saturation £oint with respect to one or more of its con¬ 
stituent salts, and if this were true the absorption of water by the 
plants might result in the precipitation of a portion of the dissolved 
material in the residual solution. The mean of these two results 
was taken as the best estimate of the quantity of salt remaining in 
the solution at the end of the first growth period. 
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The quantity of salt originally in the solution was known to be 
5,472 mgm. From this was subtracted the quantity estimated to be 
in the residual solution, giving a difference of 304 mgm. as the quan¬ 
tity of salt absorbed by the plants. This quantity of salt in relation 
to the quantity of water transpired, 232 c. c., gives 1,310 mgm. per 
liter, for the concentration of the absorbed solution. For convenient 
comparison, this figure is placed in the table in close proximity to that 
for the concentration of the original solution. 

After determining the conductance of the restored solution at the 
end of the first growth period, the jars were resealed for the second 
growth period of 13 days. For lot No. 10 the figure for the original 
salt content for this period was taken as the same as at the end of the 
first period, 5,168 mgm. During the second period the plants tran¬ 
spired 466 c. c. of water. At the conclusion of this period the quantity 
of salt remaining in the culture solution was again determined by two 
conductance readings, and the mean of these was taken as represent¬ 
ing the final salt content of the solution. By subtracting this figure 
from that for the original salt content the quantity absorbed by the 
plants was obtained, and from this and the quantity of water tran¬ 
spired the concentration of the absorbed solution was computed. 
Finally the quantity of water transpired for the whole period of 
growth is given, together with the quantity of salt absorbed, and 
from these two is computed the concentration of the absorbed 
solution. 

Table 4. —Results of growing barley and wheat seedlings in salt solution No . 2 
[25 plants m 950 c c. culture solution containing 2,730 mgm. of salt] 


Barley see dlmgs ( Wheat seedlings 


Growth period and item 


! 

Lot 
No S 

Lot 
No. 9 

Lot 
No. 8 

Lot 
No. 9 

First growth period, 11 days- 

■Water transpired.. 

__-_-C. c.. 

i 

256 ; 

288 ! 

328 

340 

Salts. 

/Residual 
..mgm. Restored 

* 2, 524 ' 

1,853 

2,407 

2,516 

2, 746 . 

*2,579 

2,459 

2,524 



2,524 i 

2,580 | 
156 ! 

2,433 

303 

! 2,520 

216 

Salts absorbed_ 

..mgm_. 

’ J 

212 

Concentration of original solution. 


2, SS0 

2,880 1 

2,880 

2,880 

Concentration of absorbed solution. .. 

.ppm d ..| 

828 

542 ' 

924 

635 

Second growth period, 13 days: 

Original salt content. 

.mgm— 

2.524 

: 

2,580 

1 2,433 

2,520 

Water transpii ed.... 

.e. e_. 

578 

653 

712 

747 

Salts.-. 

/Residual «„ 
..mgm. Restored e — 

2,253 

2,249 

2,252 


■ 2,284 

2,369 

2,278 

2,444 

Mean-_-.... 


2,268 

' 256 

2,309 

2,265 

2,444 

76 

Salts absorbed.— - 

.mgm.. 

271 

| 168 

Concentration of original solution. 

.ppm d .. 

1 2,657 

2,716 

! 2,561 

2,653 

Concentration of absorbed solution. 

.ppm d .. 

443 

415 

} 236 

102 

Total growth period, 24 days: 


834 


! 1.040 

1,087 

Total water transpired. 


941 

Total salts absorbed... 

.mgm.. 

1 468 

427 

471 

292 

Concentration of absorbed solution. 

.ppm 

1 561 

454 

| 453 

269 

Dry weight of 25 plants. 

..gm.. 

; 2.34 

| 

2.65 

1 2.70 

1 

2.83 


a Computed from conductance of residual solutions. 
b Only one observation used. 

<* Computed from conductance of restored solutions. 
d Parts per million. 
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Besides the three lots of barley seedlings grown in solution No. 1, 
with the results shown in Table 3, three lots of wheat seedlings also 
were grown in cultures of the same solution concentration, and the 
results for these are also given in Table 3, Two lots of barley were 
grown in solution No. 2, containing 2,880 mgm. of salts per liter, 
for which the results are given in Table 4. With the same solution 
there were two lots of wheat seedlings, the results from which are 
also shown in Table 4. Solution No. 3, made by dilution of No. 1 
with three parts of distilled water, was used for four lots of barley 
and four of wheat, the results for w T hich are given in Table 5. 

Table 5. —Results of growing barley and wheat seedlings in salt solution No. 3 
[25 plants m 950 c c culture solution containing 1,368 mgm of salt] 


Barley seedlings 


Wheat seedlings 


Growth period and item 

Lot 
No. 4 

Lot 
No. 5 

Lot 
No. 6 

Lot 
No 7 

Lot 
No. 4 

Lot 
No. 5 

Lot 
No. 6 

Lot 
No. 1 

First growth period, 11 days 

Water transpired....e. c._. 

408 

341 

267 

351 

340 

337 

393 

305 

_/Residual °.. 

salts —-.“^--{Restored 

1,131 

1,219 

1,329 

1,122 

1,253 

1, 194 

1, 207 

1,223 

1,276 

1, 305 

1,228 

1,263 

1,279 

1, 257 

1,271 

1,236 

Mean.... 

1,218 

1,223 

1,296 

1,200 

1,255 

1,200 

1,247 

1,256 

Salts absorbed....mgm.. 

150 

145 

72 

168 

113 

168 

121 

112 

Concentration of original solution..ppm 

1,440 

1,440 

1, 440 

1,440 

1,440 

1,440 

1,440 

1,440 

Concentration of absorbed solution.ppm c _. 

368 

425 

269 

479 

333 

498 

308 

367 

Second growth period, 13 days 









Original salt content....mgm.. 

1,218 

1,223 

1, 296 

1, 200 

1,255 

1, 200 

1,247 

1,256 

Water transpired._c. c... 

671 

385 

596 

681 ! 

750 

620 

723 

717 

mcrrT1 /Residual °..| 
bjlts ”-.. mgm --/Restored 

956 

1,155 1 957 

995 

i 1,068 

| 1,198 

1,119 

1/209 

1,011 

1,110 

1,093 

1,038 

1,096 

1 1,097 

1,148 

1,184 

Mean. 

| 983 

1,132 

] 1,025 

1,016 

1,082 

1*1,097 

1,133 

1,196 

Salts absorbed..,...mgm.. 

235 

91 

| 271 

184 

173 

1 103 

114 

60 

Concentration of original solution, .ppm e ._ 

1,282 

1,287 

1,364 

1,263 

1,356 

1,263 

1,333 

1,322 

Concentration of absorbed solution - ppm c . _ 

350 

236 

455 

270 

231 

166 

158 

84 

Total growth period, 24 days: 

Total water transpired.c. c... 

1,079 

726 

863 

1,032 

I 

i 1,090 

957 

1,116 
235 

1,022 

Total salts absorbed...mgm.. 

385 

236 

343 

352 

286 

1 271 

172 

Concentration of absorbed solution 





1 

1 



.ppm <•.. 

356 

325 

i 397 

341 

1 262 

! 283 

211 

168 

Dry weight of 25 plants...gm>_ 

2.80 

1 94 2 36 

i i 

2.65 

! 2 55 

1 2.42 

1 

2 62 

! 2 21 


® Computed from conductance of residual solutions. 
6 Computed from conductance of restored solutions. 
e Parts per mil lion. 
d Only one determination used. 


Tables 3 to 5, inclusive, each include the results for individual lots 
of seedlings, and it is to be expected that they would show a certain 
diversity, even though the conditions of the experiment were made 
as uniform as practicable. In order to summarize these results and 
also to facilitate comparison between the results obtained from the 
barley and the wheat seedlings when grown in solutions of the same 
concentrations, the results from comparable individual lots have 
been averaged and are shown for solution No. 1 in Table 6. This 
table includes, in addition to the averages of the quantity and con¬ 
centration of the absorbed solution, a comparison of the average 
quantity of salts absorbed as determined by conductance and by 
gravimetric measurements. This comparison gives some indication 
as to the degree of confidence that may be placed in the final results. 
A similar comparison of averages for the barley and wheat seedlings 
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grown in solution Nos. 2, and 3 is also given. These comparisons 
between barley and wheat show certain differences that may be 
noted, but probably should not be greatly stressed because the num¬ 
bers of cultures involved are not large and the differences may not 
be significant. However, it may be seen that in all three comparisons 
the wheat seedlings transpired slightly more water than the barley 
seedlings and also that they produced slightly more dry matter. 
There are not, however, any consistent differences between the two 
classes of seedlings with respect to the quantities of salt absorbed. 

Table 6. —Average results obtained with separate lots of barley and wheat seedlings 
grown in ^culture solutions Nos. 1, 2, and 3, having initial concentrations respec¬ 
tively of 5,760, 2,880, and 1,440 parts per million 


Solution No. 1 Solution No. 2 ' Solution No. 3 
1 (3 lots averaged). (2 lots averaged); (4 lots averaged) 
Growth period and item ._;_!.__ 



t 

Barley 

Wheat 

, Barley 1 

Wheat 

Barley, 

Wheat 

First growth period, 11 days: 

Solution absorbed... 

.c. c.-S 

225 

279 

! j 

272 ! 

334 , 

342 

344 

Cocentration of absorbed solution. 

...ppm. 

1,234 

873 

685 

779 

385 

376 

Second growth period, 13 days: 

Solution absorbed.. 

_C. C- 

435 

603 

1 615 

729 ! 

583 

702 

Concentration of absorbed solution—.. 

...ppm. 

452 

: 411 

429 

1 169 1 

328 

160 

Total growth period 24 days: 

Solution absorbed. 

.c. c.J 

660 

8S2 

, 887 1 

1 

! 1,063 1 

925 

1,046 

Concentration of absorbed solution.... 

_ppm. «_ J 

71S 

557 

507 

; 36i 1 

355 

231 

Salts absorbed, conductance. 

_mgm..’ 

474 

495 

447 

! 381 ! 

329 

, 241 

Salts absorbed, gravimetric. 

.do_ 1 

404 

456 

388 

! 403 1 

296 

228 

Dry weight of 25 plants. 

_gm_. t 

2.28 

2.69 

2.49 

i 2.76 

2.44 

! 2.45 

J 


® Parts per million. 

Another comparison of the results is shown in Table 7, where the 
averages for the three sets of barley seedlings are given. Each lot of 
barley was grown in a solution of different concentration. t It will be 
observed that with a single exception—solution No. 2 for the second 
growth period—the barley plants absorbed less water from the more 
concentrated solutions. Also, the concentration of the absorbed solu¬ 
tion increased with the concentration of the culture solution in all 
cases. Correspondingly, the quantity of salt absorbed by the plants 
increased with the concentration of the solutions. 

Table 7. —Average results obtained from growing barley and ivheat seedlings in 
three different solutions, Nos. 3, 2, and 1, having concentrations, respectively, of 
1,440, 2,880, and 5,760 parts per million 


Barley seedlings 1 Wheat seedlings 


Growth period and item 

Solution Solution Solution Solution 
No. 3 1 No. 2 j No. 1 No. 3 

Solution 
No. 2 ; 

Solution 
No. 1 

First growth period, 11 days: 

Solution absorbed.c. c__ 

342 

! 

272 

225 

344 

j 

334 

279 

Concentration of absorbed solution _ppm.®_. 

385 

685 | 

1,234 

376 

779 

873 

Second growth period, 13 days: 


i 


729 


Solution absorbed.c. c_. 

583 

615 | 

435 1 

702 

i 5?? 

Concentration of absorbed solution, ppm.®.. 

328 

429 ! 

452 

160 

169 

411 

Total growth period, 24 days: 

Solution absorbed.c. c.. 






882 

925 

887 

660 

1,046 

1,063 

Concentration of absorbed solution.ppm.®.. 

355 

507 

718 , 

231 

361 

557 

Salts absorbed, conductance.mgm.. 

329 

447 

474 

241 

331 

495 

Salts absorbed, gravimetric.do— 

296 

388 

494 , 

228 

403 

456 

Dry weight of 25 plants.gm. 

2.44 

2.49 

2.28 , 

2.45 

2.76 

2.69 


« Parts per million. 

70990—27-G 
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A similar comparison is made in Table 7 for the three sets of wheat 
seedlings. In this series there are two exceptions to the rule that 
more water was absorbed from the more dilute solutions. With but 
one exception the concentration of the absorbed solution was higher 
with the more concentrated solutions and also more salt was absorbed 
by the plants from the more concentrated solutions. There appears 
not to have been any correlation between the dry weight of the plants 
and the solution conditions, perhaps because the range of solution con¬ 
centrations was well within the range to which these plants are able 
to adapt themselves. 

RANGE OF SOLUTION CONCENTRATIONS 

In planning this series of experiments it was aimed to keep the con¬ 
centrations of the solutions well within the limits which occur com¬ 
monly in the root zone of irrigated soils. It must be kept in mind 
that the concentration of the soil solution is computed from factors 
that are different from those used in computing the salt content of 
the soil. In the latter computation the quantity of soluble material 
is referred to the dry weight of the soil. Thus when a soil is said to 
contain 1,440 parts per million of soluble salts, the implication is that 
for each million pounds of dry soil there are 1,440 pounds of salt. 
The percentage of w T ater is also usually referred to the dry soil. There 
fore, if a soil has a field-carrying capacity for water of 25 per cent, 
the relationship is such that for each 100 pounds of soil (dry weight) 
there is held in suspension 25 pounds of water. If in such a soil it 
were found that each 100 pounds of dry soil contained 0.144 pound 
of soluble salts, it is assumed that this salt would all be dissolved in 
the -water held in the soil; so that the concentration of the soil solution 
would be said to be four times that of the salt content of the soil, or 
5,760 parts per million. 

From this explanation it will be evident that the highest solution 
concentration developed in these experiments, i. e., at the end of the 
second grow T th period of the wheat seedlings in lot No. 12, when the 
concentration was 15,614 parts per million, or about 1.56 per cent, 
was not higher than often occurs in the solution of an irrigated soil. 
A similar solution concentration might be assumed to exist in a soil 
containing 0.2 per cent of readily soluble salts and about 14 per cent 
of water. On the other hand, the lowest solution concentration 
occurring in this experiment, i. e., about 1,300 parts per million, is 
probably rather higher than that existing in a soil that has been 
heavily irrigated or saturated with rain. 

DISCUSSION OF RESULTS 

The results of these experiments appear to warrant the conclusion 
that crop plants do not absorb water and dissolved substances from 
the soil solution in the same proportions that these constituents occur 
together in that solution. With the range of solution concentrations 
used, and under the conditions of the experiments here described, the 
residual solutions were definitely more concentrated than the original 
solutions. The quantity of water absorbed by the plants during the 
24 days of the experiments was approximately equivalent to the 
original volume of the culture solutions, yet at the end of that period 
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the residual solutions contained 78 to 91 per cent of the salts original! v 
present. 

It is true that these experiments were conducted in a laboratory 
and not in the field, and that plants were grown in culture solutions 
and not in soil; yet it is believed that the results are fairly applicable 
to field conditions. Furthermore, there is abundant field evidence 
to show that when saline irrigation water is used so sparingly that 
the root zone is seldom or never leached, it is merely a question of 
time until the soil solution of the root zone becomes so concentrated 
that crop plants can not absorb from it the water required to make 
normal growth. 

Irrigators are sometimes inclined to believe that if it is necessary 
to use salty irrigation water it should be used sparingly, so as to avoid 
carrying to the field more salt than is necessary. In the light of such 
evidence as is available, this method of procedure is not to be recom¬ 
mended. The only known way to remove soluble salt from the soil 
of the root zone is by leaching. Consequently, if saline water must 
be used for irrigation, it should be applied in sufficient quantities not 
only to supply crop needs and to meet evaporation losses but also to 
leach the root zone and thus carry away the salts that are left by the 
water that is evaporated from the soil and absorbed by the plants. 
In other words, the more salt there is in irrigation w r ater the more 
water should be used in irrigating. Most of the ordinary crop plants 
are not able to absorb the water needed for normal growth from a 
soil solution containing more the 1.5 to 2 per cent of salts. This 
means that if the irrigation water contains as much as 1,500 to 2,000 
parts per million of salt, a sufficient quantity of it should be used so 
that at least 10 per cent of the quantity applied to the surface of the 
soil will percolate down through the root zone. 

In actual irrigation practice with such water it would be necessary 
to use more than would be required to insure an average of 10 per 
cent percolation. The reason for this is that the soil of the root zone 
of a whole field is seldom uniform in texture or permeability. If only 
10 per cent of the water applied were to percolate through the root 
zone, there would be spots in the field where much less than 10 per 
cent would percolate; and in those spots there would be grave danger 
of accumulating excessive concentrations in the soil solution. In 
order to insure effective percolation and consequent leaching of the 
root zone, it would be necessary to follow one of two courses—either 
to apply enough water to the whole field to insure leaching in the areas 
of least permeable soil, or by a system of interior borders provide a 
means oi holding the water longer on the less permeable areas. 

It is not necessary, of course, to use water enough to leach the root 
zone at every irrigation, particularly where the water is not very 
salty or when the salts in solution are in part salts of low solubility. 
With many irrigation waters as much as 60 to 80 per cent of the total 
salt content consists of salts of such low solubility that they are 
precipitated from the soil solution before injurious concentrations are 
reached. This fact needs to be taken into account in estimating 
what proportion of the irrigation water should be forced through the 
root zone. 

It will be readily understood that in order to leach the root zone 
the conditions of the subsoil below it must be such that the perco¬ 
lating water may pass away through either natural or artificial 
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channels. Soils that are underlain by strata of impermeable material 
such as hardpan, rock, or tight clay, or below which the subsoil is 
already saturated with stagnant water, can not be leached and conse¬ 
quently are almost certain to become unproductive if irrigated with 
saline water. This fact makes it essential to take into account the 
subsoil conditions of irrigable land if the plans for its utilization 
contemplate its long-continued productivity. 

It is coming to be generally recognized that irrigated lands need to 
have an assured and effective system of drainage, either natural or 
artificial. Unfortunately, it is not yet so generally recognized that 
the real function of a drainage system is quite as much to remove 
surplus salt as to remove surplus water. It is now regarded as 
normal and routine engineering practice to measure the quantity of 
water that is delivered to the land for irrigation or that is discharged 
from irrigated land as drainage, but there are as yet relatively few 
irrigation engineers who appreciate the need of, or who are equipped 
to make, determinations of the salt content of irrigation water or of 
the drainage. With respect to any area of irrigated land there 
should be available, not only to the farmer but also to the investor, 
accurate information as to the quantity and character of the salts 
that are being carried to the land by the irrigation water and also as 
to the ultimate disposition that is being made of this salt. If the 
conditions of the subsoil or the methods of irrigation are such that the 
salt is largely remaining in the root zone, then it is inevitable that the 
land must ultimately become unproductive. On the other hand, if 
it can be shown that drainage conditions are such that the salts of 
high solubility brought in by the irrigation water are being carried 
away in the drainage, there can be reasonable assurance that the 
irrigated lands should long continue to be productive. 



EXPERIMENTS WITH SODIUM CHLORATE AND OTHER 
CHEMICALS AS HERBICIDES FOR FIELD BINDWEED 1 

By W. L. Latshaw, Associate Professor of Chemistry, and J. W. Zahvley, 
Associate Professor of Farm Crops, Kansas State Agricultural College 2 

INTRODUCTION 

Field bindweed (Convolvulus arvensis) is regarded as the most 
noxious weed in several of the Western States and is widely distrib¬ 
uted in Kansas. In some cases infested farms are reduced in value 
more than one-half and loan companies often refuse to accept them 
as security. 

Considering the seriousness of the situation and the fact that 
methods now in use (5 ) 3 in Kansas are not wholly satisfactory, 
further experimental work seemed desirable. The use of chemicals 
as herbieidal agents is not new, but so far as is known to the authors 
sodium chlorate had not been tried in any experiments with bind¬ 
weed previous to those herein reported. 

REVIEW OF LITERATURE 

A considerable amount of work has been done by various investi¬ 
gators relating to the eradication of bindweed. Intensive cultivation 
has proved effective in several States as shown by the following 
workers: Call and Getty (5) in Kansas; Barnum (3) and Bioletti (4) 
in California; Cox (6) of the United States Department of Agricul¬ 
ture; Stew^art and Pittman (13) in Utah; and in Idaho (10), as reported 
by the director of the Idaho Experiment Station. 

Chemicals have been used more or less generally. Krauss (12) 
and Wilcox (15) found sodium arsenite effective. Gray (7) also 
found it effective within the fog belt of California, but not- nearly so 
successful (8) in the less humid section of the State. This latter 
finding was verified by Barnum (3). In Idaho (10) carbon bisulphide 
is recommended for use on small areas, but the cost prohibits its 
general use. Barnum (3) in California arrived at essentially the 
same conclusion. Call and Getty (5) and Barnum (3) found that 
salt will kill this weed, but that it has the disadvantage of preventing 
the growth of all vegetation for an indefinite period. Aslander (1 ) 
found dilute sulphuric acid of value as a herbicide. The same author 
(2) has recently reported good results with chlorates in the control 
of Canada thistle. Hutcheson and Wolfe (9) found sodium arsenite, 
nitrate of soda, and common salt to be effective under certain condi¬ 
tions in eradicating hawkweed. Thompson and Robbins (14) report 
results with the use of 37 different chemicals including inorganic 


i Received for publication June 10,1927; issued, November, 1927. Contribution No. 133 of the Depart* 
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■2 The cross sections and slides used in making Figures 1 and 2 were prepared by £. C. Miller, professor 
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nitrification studies were collected and incubated by P. L. Gainey, professor of soil bacteriology* and the 
sodium arsenite used was furnished through the courtesy of Edgar M. Ledyard, agricultural director of 
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salts, acids and acid formers, gas-forming substances, and oils and 
other organic substances. Kitchin (11) found zinc sulphate and 
copper sulphate effective in the control of weeds in pine seed beds. 

PREVIOUS EXPERIMENTS IN KANSAS 

Bindweed was recognized as a serious pest in Kansas as early as 
1908, and experiments looking to its control were begun at the Dodge 
City branch station as early as 1913. These experiments consisted 
in smothering with a mulch, plowing, hoeing, pasturing with hogs, 
the use of smother crops, and salting. Salting proved to be the only 
effective treatment. 

In 1915 an infested area at the branch station at Hays, Kans., 
was fenced and pastured with sheep, but the sheep had to be forced 
by hunger to graze closely enough to weaken the plants, and the 
results were so unsatisfactory as to make the method impractical. 
In 1919 experiments were begun which included different rates of 
salting, application of fuel off, intensive fallow, fallow in rotation 
with smother crops and smother crops alone. Intensive fallow" 
with or without smother crops on large areas and salting the small 
patches at the rate of 1 pound of salt to the square foot were found 
to be the only effective methods. 

EXPERIMENTAL METHODS 

The experiments herein reported were begun in August, 1925, 
at the Kansas Agricultural Experiment Station, Manhattan, Kans,, 
in a field on which a uniform and thick stand of bindweed had been 
growing for several years. The soil is a silt loam of the Oswego 
series, uniform in fertility, and nearly level in topography. This 
field has been under cultivation for 50 years or more and until 1924 
had been used for experimental work in farm crops. 

Twelve plots, each 20.87 feet square, or approximately one 
one-hundredth acre in area, were located in the center of the most 
vigorous and uniform bindweed growth. They were marked by 
permanent iron posts driven deep in the ground at each corner. 
A 2-foot alley was left between the plots. In order to obtain a defi¬ 
nite record of the condition of each plot with reference to the stand 
of bindweed, quadrats 3 by 3 feet were located in each and per¬ 
manently marked by iron posts. A frame 3 by 3 feet inside dimen¬ 
sions and cross sectioned into square-foot areas was used in obtaining 
accurate counts of the number of weeds growing in the quadrat. 

It was found that some caution is necessary in determining the 
effect of any treatment on small plots, because of plants sending out 
underground stems from adjoining plots and alleys. Thus in certain 
plots in w r hieh all plants had been killed a few stray ones were found 
which had crept in from the adjoining untreated areas. Examination 
soon disclosed their source and these areas were treated to prevent 
further intrusion. 

# It was found by trial that 1 gallon of the solution used was suffi¬ 
cient to moisten the leaves of the plants on a one one-hundredth-acre 
plot. Since nothing definite was known to begin with as to the 
concentration and frequency of spraying necessary to kill bindweed, 
these factors were determined more or less arbitrarily. In deciding 
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upon the frequency of treatment the growth of the bindweed was 
taken into consideration. Usually the weeds were treated when they 
had attained a height of from 3 to 5 inches. In a few cases the cul¬ 
tivation of the fallow^ plots v T as delayed by rain. The frequency of 
treatment is indicated in the tables which follow*. The chemicals 
w*ere applied by means of a 3-gallon knapsack compressed air sprayer. 

In order to determine the effect of the various treatments the 
plants in each quadrat w*ere counted just before each treatment. 

EXPERIMENTS WITH DIFFERENT CHEMICALS 

The strength of the solution, the time of treatment, and the 
number of bindweed plants per quadrat before each treatment are 
shown in Table 1. Except as otherwise noted each plot w*as treated 
every time a count of bindweed w*as made. Thus the time and 
frequency of treatment indicated in the table by the date on which 
counts were made. The treatment of the fallow* plots consisted of 
cultivation, and it is, of course, understood that the no-treatment or 
control plots wore not treated in any way. The number of plants, 
however, w*as determined on the control plots whenever they were 
counted on the other plots. 

Table 1 . — Xumber of bhidweed plants per quadrat in fallow and untreated plots 
and in plots treated with different chemicals; August 18, 1825, to May 1 , 1927 


Number of bindweed plants per quadrat 
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1 

Date of treatment 
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ment 

Plot 12 copper 
sulphate, 0.25 
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27 
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38 
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« 19 
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35 

!. 

0 

0 30 46 
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9 


a Plots 6 and 7 were not treated after Sept 16,1925. 

*In 1926 the strength of spray on plots 4 and 9 was increased to 4 per cent and 2 per cent, respectively. 

It will be noted that none of the treatments except that with 
sodium chlorate was effective in decreasing the number of bindweed 
plants. On the contrary there seems to have been a marked increase 
in numbers in some cases. Sodium arsenifce and zinc chloride killed 
the tops of the plants and at first appeared to be very effective, but 
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now growth appeared soon after each treatment and the roots seemed 
to be uninjured. Copper sulphate had little effect except the fourth 
application, which killed almost all top growth. This application 
was made, on September 29 and may have coincided with a critical 
period in the life of the plants. This result suggests the need of more 
information regarding the relation between stage of growth and sus¬ 
ceptibility. In all eases except possibly the sodium arsonite, the 
weaker solutions seemed to have been about as effective as the 
stronger. At the suggestion of the manufacturers the strength of the 
solution of this chemical was increased in 1926. The effectiveness 
of the treatment was somewhat increased, but it did not approach 
the sodium chlorate in this respect. It will be noted that it was 
necessary to cultivate the fallow plots more frequently than it was 
necessary to spray the chemically treated plots. 

Sodium chlorate was markedly and quickly effective, only three 
applications being necessary to kill all the plants. The effect on the 
appearance of the plants was also very different from that produced 
by the other herbicides. Its action at first appeared to be slow. 
Comparatively little effect was noticed at first, but gradually the 
plants became pale green or yellow, the leaves began to curl, and 
finally the entire plant withered and died. Each succeeding day 
showed more and more dead and dying plants. The older leaves 
died first, the reaction progressing toward the tip of the vines. After 
the second application it was observed that the vines were slender 
and assumed an upright position instead of the normal vigorous and 
prostrate growth. 

On September 29—that is, at the time of the fourth application for 
other treatments—the plants on the sodium chlorate plots had been 
so reduced in number and vigor that further treatment was con¬ 
sidered unnecessary. As a matter of fact it is doubtful if the third 
treatment on September 16 was necessary, since the plants at that 
time were obviously weak and were rapidly dying. On September 29 
the roots of the bindweed plants on the various plots were examined 
under the microscope. Those from the plots treated with sodium 
chlorate had a dark ring around the wood portion which was not 
observed in those from other plots. There was also a noticeable 
absence of new shoots on the roots. These conditions prompted a 
more detailed microscopic and chemical examination which was made 
at the time the growth ceased in the fall. 

On September 30, twenty or more plants in the sodium chlorate 
plots which because of special vigor had previous^ been marked for 
observation, were found to be making no growth but were turning 
yellow and becoming more sickly in appearance. On October 5, 
approximately three weeks after the last treatment, no increase in 
growth was apparent, the plants being dead or dying. New plants 
reappeared from time to time, only to fade away in the course of 
four or five days 

A very heavy white frost occurred on October 10, the minimum 
temperature reaching 25° F. Observations were made as soon as 
the frost had disappeared and again three days later. Bindweeds 
surrounding the experimental plots were damaged very little, if any. 
This was also true of all the experimental plots except those which 
had been treated with sodium chlorate. These, however, had been 
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severely injured, most of them being frozen to the ground. This 
observation seems to be especially pertinent in view of the fact that 
untreated plots were later observed to have survived temperatures 
of 14° F. and the tops were not killed until late in November. This 
would seems to indicate that bindweed is not sensitive to frost as is 
commonly believed. 

ROOT STUDIES 

The gradual killing of the plants by sodium chlorate and their 
susceptibility to freezing, as previously noted, suggested a study of 
theroots. Accordingly, on October 15, roots were taken from the 
various plots and cross-sections were made and examined. Im¬ 
portant differences were noted in the starch content of the cells and 
in the condition of the cell walls. The cells in the roots from the 
untreated plots were filled with starch granules and the cell walls 
were intact. On the other hand, roots from the plots treated with 
sodium chlorate were characterized by the absence of starch gran¬ 
ules,. and the cell walls in many cases showed unmistakable signs 
of disintegration. An attempt is made to show this condition in 
Figures 1 and 2, which are camera-lucida drawings of cross sections 
of the roots from the various plots. The heavily shaded areas within 
the cells represent stored starch. The light shading between cells 
represents disintegration of cell walls. 

, It will be noted that the condition of the roots as represented in 
the figures corresponds closely with the growth and condition of the 
plants as previously discussed. 

Just why sodium chlorate affects the plants as it does is not known. 
Observations indicate that it interferes with photosynthesis and com¬ 
pels the plant to draw upon the food reserve in the roots, until the 
supply is exhausted and death occurs. 

STRENGTH OF SODIUM CHLORATE SOLUTION AND FREQUENCY 

OF APPLICATION 

The fact that the 12.5 per cent solution of sodium chlorate was as 
effectrv e as the 25 per cent solution suggested the possibility of using 
even weaker solutions. It was also thought that the bindweed plants 
might be more susceptible at certain periods of growth and that the 
time of treatment might be an important factor. Experiments were 
therefore started in 1926 to determine the best time for treatment, 
the minimum number of treatments, and the minimum strength of 
solution that could be used effectively. Eleven additional plots were 
laid out and treated as indicated in Table 2. As in the preceding 
experiments the number of bindweed plants was determined just 
before each treatment, except as otherwise stated. The results are 
presented in Table 2, 

In general the treatments in 1926 seemed to be not quite as effective 
as those of the preceding year, owing it is believed to a severe drought, 
which retarded the growth of the bindweed and hence afforded less 
opportunity for exhaustion of the root reserves, which, as previously 
explained, seems to be a significant factor in control with sodium 
chlorate. Nevertheless the results in a broad way agree with those 
of the preceding year and afford additional proof of the effectiveness 
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of sodium chlorate. They also afford information as to the proper 
time and frequency of treatment. 

Table 2. —Number of bindweed plants per quadrat in plots treated on different 
dates with sodium chlorate solution of different strengths 


Number of bindweed plants per quadrat 


Date of treatment 

Plot 

5, 

12.5 
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cent 

solu¬ 

tion 

Plot 
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12.5 
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® Weeds counted but no treatment. 


It appears that little or nothing is gained by applying sodium 
chlorate before the plants are approximating the bloom stage. For 
example the treatment of plot 24, which was sprayed on June 2 when 
the plants were in full bloom and again on August 2, was more effec¬ 
tive than the earlier treatment of plot 23, and almost as effective as 
the four applications on plots 21 and 22 which were first treated on 
May 14. Likewise the three applications to plots 6 and 7 of Table 1, 
beginning August 19, 1925, was but slightly more effective. The 
treatment of plot 25, which consisted of two applications, the first of 
which was made on June 23, was essentially as effective as that of 
plot 24. 

When the first application was not made until after July 1, the 
treatment was much less effective than when treatments began in the 
bloom stage. This is illustrated by plots 11 and 26 as compared with 
plots 24 and 25. The reason perhaps is the severe drought, which, as 
previously mentioned, prevented normal growth. From a practical 
standpoint applications should not be delayed sufficiently to allow a 
seed crop to mature. 

The results from plots 17 and 20 indicate that the weaker solutions, 
are not effective enough for economical eradication. Thus two 
applications of the stronger solution as on plots 24 and 25 were as. 
effective as the seven applications of the weaker solutions on plots 17 
and 20. 

A practical demonstration of the effectiveness of sodium chlorate in 
eradicating bindweed was made by the department of horticulture of 
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the Kansas State Agricultural College in 1926. A roadway 100 rods 
long through an orchard bordered by a heavy growth of bindweed was 
treated three times beginning at the period of full bloom. The weeds 
were completely eradicated. 

EXPERIMENTS WITH SODIUM HYPOCHLORITE 

The successful experiments with sodium chlorate suggested the 
possibility of using a cheaper material, which would react in a similar 
manner. An opportunity to conduct such experiments presented 
itself in the spring of 1926 and accordingly five additional plots were 
laid out. One of these was treated with “K. M. G. weed killer” and 
the others with 1, 2, 3, and 4 per cent solutions, respectively, of sodium 
hypochlorite. The results are presented in Table 3. 

Table 3. —Number of bindweed plants per quadrat in plots treated with sodium hypo - 
chlorite or with K. M. G. weed killer; April 30, 1926, to May 2, 1927 


Number of bindweed plants per quadrat 


Date of treatment 

Plot 19; 
sodium 
hypochlo¬ 
rite, 1 per 
cent 

Plot 18; 
sodium 
hypochlo¬ 
rite, 2 per 
cent 

Plot 13; 
sodium 
hypochlo¬ 
rite, 3 per 
cent 

Plot 16; 
sodium 
hypochlo- 
lite, 4 per 
cent 

Plot 15; 

K. M. G. 
weed 
killer 

1926 






Apr. 30..... 

30 

39 

53 

80 

70 

May 11..... 

48 

64 




June 2.... 

36 

53 

46 

61 

30 

June 14__ 

55 

56 

47 1 

78 

43 

July 12. 

Aug. 8..... 

32 

62 

50 

72 

48 

52 

Sept. 18... 

26 

41 

45 

57 

57 

Oct. 19... 

1927 

33 

56 

46 

58 

54 

Apr. 30 ®... 

42 

23 

14 

52 

66 


“No treatment. 


The earlier applications of sodium hypochlorite were regarded as 
of little value because of the difficulty in preparing this material 
and the lack of uniformity in concentration. Later in the season it 
was prepared by using liquid chlorine. In this way it was possible 
to control the process and make a uniform product. The last two 
applications were made with material prepared in this way. The 
stronger solutions killed many of the bindweed, but none were as 
effective as the sodium chlorate. It is thought that still stronger 
solutions will be more effective, and future work will include such 
solutions. The effect on the appearance of the bindweed is very 
similar to that produced by sodium chlorate; that is, the plants die 
very slowly, assuming first a sickly yellow appearance followed by 
gradual dying of the leaves and finally by death. K. M. G. weed 
killer had no appreciable effect in reducing the number of bindweed. 

EFFECT OF HERBICIDES ON THE SOIL 

In view of the effectiveness of sodium chlorate in eradicating the 
bindweed it seemed desirable to determine whether it and other 
herbicides had any deleterious effect on the soil. Accordingly 11 of 
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the plots were sampled to a depth of 7 inches in May, 1926, and the 
nitrifying power of the soil determined. The results are presented 
in Table 4. 


Table 4. —Milligrams of nitrate per 100 gm. of soil in plots receiving different 

treatments 


Plot 

No. 

Treatment 

Milligram 

Present 

when 

sampled 

ns of nitrate (NO 3 ) per 100 gm, 
of soil 

Formed during incubation 

With 

water 

With 
water 
and am¬ 
monium 
sulphate 

With 
water 
and cot¬ 
tonseed 
meal 

15 

K. M. G. weed killer... 

0.88 

8.78 

29.48 

52.24 

16 

Sodium hypochlorite, 4 per cent. 

1.95 

3.72 

4.48 

15.15 

1 

Copper sulphate, 12.5 per cent... 

.62 

7. 05 

59.04 

70.21 

2 

Fallow. 

5.15 

6. 65 

37.35 

65.68 

3 

Zinc chloride, 12.5 per cent. 

’ 3.24 

7.94 

32.17 

83.94 

4 

Sodium arsenite, 10 per cent. 

7.46 

11.96 

86.98 

59.21 

5 

Control.,. 

! .44 

21.35 

84.56 

105.81 

6 

Sodium chlorate, 25 per cent. 

24.96 

13. 61 

23.36 

69.48 

17 

Sodium chlorate, 6.25 per cent..... 

7.08 

11.81 

16.53 

28.33 

18 

Sodium hypochlorite, 2 per cent... 

4.53 

10. 38 

13.18 

37.97 

21 

Sodium chlorate, 12.5 per cent.... 

4.72 

7.60 

11.02 

15.21 


It will be noted from these results that the soil from all plots 
contained nitrates when sampled. When these samples were incu¬ 
bated additional nitrates were formed, showing that bacterial action 
had not been seriously interfered with by the various treatments. 
There is some evidence of a retarding influence of the treatment in 
case of plots 16, 17, 18, and 21. These plots were treated with 
sodium chlorate and sodium hypochlorite a short time before the 
soil samples were taken. The effect is particularly noticeable where 
ammonium sulphate and cottonseed meal were added before incu¬ 
bation. That the retarding influence is temporary is indicated by 
the fact that it is not apparent in plot 6 which had received a heavy 
application of sodium chlorate the previous fall. 

Plots 6 and 7 on which bindweed had been killed by sodium 
chlorate, were prepared and sown to wheat in September, 1926. 
This crop made a normal growth throughout the fall and came 
through the winter in excellent condition. So far as could be ob¬ 
served the sodium chlorate had no deleterious effect upon the growth 
of wheat. 

SUMMARY AND CONCLUSIONS 

Experiments to determine the relative effectiveness for the eradi¬ 
cation of field bindweed of fallow, sodium chlorate, sodium arsenite, 
sodium hypochlorite, zinc chloride, copper sulphate, and K. M. G. 
weed killer were conducted. Various concentrations were used and 
observations were made as to the frequency and time of application. 
The roots were examined microscopically, drawings were made, and 
food reserves were studied. The results indicate that sodium 
chlorate is unusually promising for the eradication of field bindweed. 
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The optimum time for the application of the first spray is probably 
about the time the plants are in full bloom, 

' There seemed to be no permanent detrimental effect upon the 
soil from any of the chemicals used in these experiments. 
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SUPERNUMERARY CHROMOSOMES IN ZEA MAYS 1 

By A. E. Longley 

Assistant Botanist, Biophysical Laboratory, Bureau of Plant Industry, United States 

Department of Agriculture 

INTRODUCTION 

Zea, mays has been found to have a haploid chromosome number 
varying between 10 and 15 and corresponding variations in the 
somatic number. 

Kuwada (IS, 14, 15, 16), 2 the pioneer investigator of chromosomes 
in maize, abandoned in 1919 the possibility that 12-chromosomed 
sweet varieties of Zea represented a primitive type—a fact overlooked 
by the writer in previous articles. 

The view that 10 is the primitive chromosome number in maize 
has been supported in recent articles by Longley (17,18), Kiesselbach 
and Petersen (11), Fisk (9, 10), Reeves (22), and Randolph (21). 

The writer investigated several old and well-established varieties 
of maize, all of which had uniformly 10 chromosomes, before finding 
some with supernumerary chromosomes. Plants with a somatic 
number of more than 20 chromosomes occur occasionally in the 
varieties Golden Bantam and Stowell’s Evergreen and more fre¬ 
quently in Country Gentleman, Black Mexican, White Sheath, a 
strain of Pawnee flour corn, and in a highly inbred strain of White 
Dent (Crosby). The present paper reports on the character and 
behavior of extra chromosomes based on a three-year study of 
chromosomes in microspore mother cells in Zea mays. 

MATERIAL AND METHOD 

The plants for this study of maize were grown at the Arlington 
Experiment Farm, Rosslyn, Va., and in the department’s greenhouses 
in Washington, D. C. Many varieties and strains were examined, 
but the six above-named varieties or strains were the only ones in 
which plants with a haploid number of more than 10 were found. 

The determination of chromosome numbers was confined to micro- 
spore mother cells. To make certain that haploid numbers found in 
mother-cell material were constant for individual plants, preparations 
were made from the major tassel and from the tassels of suckers of 
the same plant. Except for occasional abnormal-appearing cells, all 
parts of a plant gave the same chromosome number. Consequently, 
after trying this test on many plants of several varieties without 
finding serious discrepancies, the writer felt assured that by deter¬ 
mining the chromosome number from microspore mother cells of a 
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plant one could satisfactorily ascertain the chromosome number of 
individual plants. 

The method used in the laboratory of making cytological prepara¬ 
tions of mother-cell material has passed through an evolutionary 
stage during the last three years. Very early it was found that the 
microspore mother-cell material of Zea lends itself very satisfactorily 
to the use of iron-aceto-carmine as a killing and staining method. 
This method, however, necessitated the use of fresh material and so 
restricted study to the short period when corn was in flower. 

To overcome this difficulty and to lengthen the period of study, 
material was killed in 70 per cent alcohol, and it was found that 
with this poorly balanced killing fluid the material was sufficiently 
well preserved to be useful in making iron-aceto-carmine preparations 
even after the material had been stored in alcohol for months. 

The next step was to substitute acetic-absolute (1 to 3) killing 
fluid for 70 per cent alcohol. The specimens are left in this fluid 
20 minutes and then washed with absolute alcohol. Thompson (29) 
has also described this method of preserving material for future study 
when stained with iron-acetocarmine. It was found that excellent 
preparations could be made from material killed in this manner. The 
mother cells were not as pliable as those stained from fresh material, 
but by careful staining they could be kept very much longer without 
deterioration. In fact, the deterioration of slides was generally due 
to a drying out of the staining liquid. This results in a concentration 
of the stain to the point of crystallization, giving particles of carmine 
that may be confusing. 

A modification of Mann’s (20) method for making permanent 
mounts has recently been tried and found completely satisfactory. 
Slides are cleaned, a light layer of fixative applied, and then anther 
material previously killed in acetic-absolute solution is macerated in a 
drop of water on the slide. The microspore mother cells are teased 
out, and with the edge of a cover glass the anther wall fragments are 
removed, leaving the mother cells floating in water. The slide is now 
dried in the same manner as a slide covered with paraffin sections. 
The mother cells seem to withstand the treatment quite as satisfac- 
factorily as those embedded in paraffin. After the slide has dried 
for an hour or more it can be stained, dehydrated, and mounted in 
balsam in the usual manner. 

Carmine-stained preparations have some advantages over material 
stained with haematoxylin. The chromosomes are semitransparent 
when stained with carmine, and the strands making up an individual 
can be traced better than when stained with haematoxylin. Small 
grains found in the nuclei of some preparations, which resemble 
chromatin fragments when stained with haematoxylin, fail to take a 
carmine stain, and so this confusion is overcome by using the latter 
stain. 

' Slides are studied by the aid of a one-sixteenth objective and x 8, 
X 15, and X 18 oculars. The drawings used in the figures were made 
with a camera lucida, magnification 1,500. 

CHROMOSOME CHARACTERISTICS 

A detailed study of the chromosomes of Zea mays at diakinesis 
made it apparent that chromosome individuality was distinguishable. 
Fisk (10), in her recent article, has opened the way by describing some 
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of the types which bivalent chromosomes assume. These shapes 
are illustrated in Plate XI, Figure 34, of her article. 

The bivalent chromosomes at diakinesis in their partially contracted 
condition are sufficiently constant in shape to allow a comparison of 
individual chromosomes in the same nucleus as well as in different 
nuclei. Just prior to the fading out of the nucleolus, eight of the 
chromosomes are simple rings or rings with the two ends overlapping. 
Six of these generally appear as rings, although at times they are not 
completely closed. The chromosomes A, B, B, F, G, and H of Fisk’s 
{10) drawing seem to correspond to these six rings. Two are rings 
with a pronounced overlapping of the two ends and possibly corre¬ 
spond to chromosomes C and I of her diagram. 

Of the 10 chromosomes the 2 remaining ones are more character¬ 
istic. ^ One is large and often appears as a figure 8, which Fisk {10) 
describes as “larger and slightly more twisted.” The tenth is a small 
chromosome and has no easily described shape. 

Figure 1, A-F, shows a few illustrations^which all 10 chromosomes 
are at a stage when their characteristic,shapes can be best recognized. 
B shows clearly the two ring-shaped chromosomes with overlapping 
ends and the figure 8 chromosome, but two of the six ring-shaped 
chromosomes are very open and are hardly recognizable. 

Figure 2, A and B, has been arranged to show the constancy of the 
chromosome shapes in four different microspore mother cells of the 
same plant as well as in two related plants. The chromosomes have 
been arranged according to the scheme apparent in Fisk’s drawing 
{10, pi. XI, jig . 84 ). The minor variations apparent in the attempted 
comparison are either partially or wholly due to the usual difficulties 
experienced in finding cells in the same stage of development, chromo¬ 
somes in the same stage of contraction, and chromosomes in a favor¬ 
able plane for showing their characteristic shapes. 

Figure 3, A-F, shows figures from mother cells with more than 
10 chromosomes. The more outstanding chromosome shapes can 
be identified. Each set shows the eight open or closed ring-shaped 
chromosomes and the figure-8 chromosome. The supernumerary 
chromosomes are distinguishable from any of these two classes, but 
frequently resemble so closely the small tenth chromosome of the 
normal set that identification becomes uncertain. In some prophase 
figures the two units of an extra chromosome are very loosely held 
together, and occasionally they are separate and appear as two 
univalent chromosomes. A and B show a pair of univalent chromo¬ 
somes. B and F are drawings of chromosomes from plants with odd 
somatic number which consequently show an unpaired univalent 
present. Univalents generally can be recognized by their small size 
and compact globular shape. 

Figure 2, C, is a continuation of the chromosome comparison of A 
and B. Each of the four sets illustrated shows extra chromosomes at 
the end of the series. The first has five supernumerary chromosomes, 
all approximately the same size and resembling most nearly the 
smallest of the 10 normal chromosomes. Their shapes are in no way 
characteristic and for this reason are not confused with the ring-shaped 
and the figure-8 chromosomes. 

This study of chromosome shapes in Zea mays has been confined 
to the first reduction division of the microspore mother cell. Chro¬ 
mosomes at the metaphase stage (fig. 4) assume shapes which give 
some indications of the point of spindle fiber attachment. Eight 
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chromosomes have central or subterminal points of fiber attachments. 
These eight seem to correspond with the eight ring-shaped chromo¬ 
somes. Those rings with overlapping ends seem to correspond in 
number with those that have subterrmnal but not central points of 



Fig. 1.-— Diakinesis in the microspore mother cells of Zea mays, showing characteristic shapes 
assumed by the 10 bivalent chromosomes: A, Golden Bantam sweet corn; B, Black Mexican 
sweet corn; C, Red X Crosby; D, Wichita flint; E, Hybrid Ah-645; F, Country Gentleman 
sweet corn 

fiber attachments, while the more nearly perfect ring-shaped chromo¬ 
somes have central fiber attachments. The two remaining chromo¬ 
somes have approximately terminal points of fiber attachment. One, 
a large chromosome, corresponds to the figure-8 chromosome of 
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diakinesis, and the other, the smallest of all chromosomes, corresponds 
to the tenth small chromosome already referred to. 



fiber attachment; c, a larger chromosome with terminal fiber attachment; d, a smaller chromosome 
with terminal fiber attachment 

Figure 2, D, illustrates the differences apparent in chromosomes 
during their separation at the heterotypic division. Large chromo¬ 
somes with central spindle fiber attachments split first at the middle. 
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The final points of separation are the two extremities (D, a). When 
the fiber is attached subterminally but not at the center, the split starts 



Fig. 3.— Diakinesis in the microspore mother cells of Zea mays, showing the characteristic shape 
of both the normal and the supernumerary chromosomes: A, Black Mexican sweet corn, showing 
13 bivalent chromosomes; B, Black Mexican sweet corn, snowing a univalent and 13 bivalent 
chromosomes; C, Black Mexican sweet com, XDwarf (F 3 ), showing 12 bivalent chromosomes; 
D, Black Mexican sweet corn, showing 12 bivalent chromosomes; E, Black Mexican sweet corn, 
showing 11 bivalent chromosomes; F, Golden Bantam sweet com, showing a univalent and 10 
bivalent chromosomes 


toward one end, and at the final stage the two units are held together 
at one extremity only (D, 5). The two chromosomes with terminal 
fiber attachments are best distinguished by their size and rodlike 
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shape. The large one is shown in D, c, the smaller in D, d . Fisk (10) 
finds one small chromosome that occasionally divides early, a behavior 
that has been noticed in the tenth small chromosome and for super¬ 
numerary chromosomes. Consequently, supernumerary chromo¬ 
somes are classified with the small chromosome of the normal 10, 
due to similarity in size, shape, and mode of division at the hetero¬ 
typic metaphase. 

BEHAVIOR OF SUPERNUMERARY CHROMOSOMES 

Before attempting to describe the behavior of supernumerary 
chromosomes during meiosis, it seems in order to describe the normal 
behavior of chromosomes in plants with the basic number 20. Fisk 
(10, Table 1 ), reports that in progenies usually characterized by 20 
somatic chromosomes some cases in which more or less than 10 
chromosomes possibly are present at diakinesis were found, and only 
one case of nondisjunction in the homotypic division which gave rise to 
pollen cells with 9 and 11 chromosomes. Only infrequently has the 
writer found such irregularities in the number and behavior of 
chromosomes at diakinesis in microspore mother cells of plants with 
20 chromosomes. It is likely that through such irregularities in 
chromosome distribution plants with more than 20 chromosomes 
have arisen. 

A study of the offspring from plants with 20 chromosomes grown 
at Arlington in 1926 failed to give any plants with more than the 
normal number. Some of these were descendants of plants carrying 
several supernumerary chromosomes, but evidently the grandparents 
did not carry factors that affected the distribution of the 10 basic 
chromosomes, since none of the F 2 plants had more than 20 chromo¬ 
somes. A similar study of 21 progenies in 1924 gave one exception— 
six plants were grown from a Black Mexican parent supposed to have 
20 chromosomes. Five of these plants had 22 chromosomes and one 
had 21. Unfortunately, all the cytological mateiial from the parent 
w r as used in making the determination, thus preventing a confirmation 
of this chromosome count. Consequently, there was no means of 
determining whether an error in observation had been made or 
wdiether these plants with extra chromosomes were the offspring of 
a plant with 20 chromosomes. The chromosome number of the six 
plants indicates the former. 

Table 1 . — Distribution by chromosome number of 97 plants , both parents having 
20 chromosomes , some of the grandparents having more than W chromosomes 


Progeny designation 

Designation, of 
grandparents 

Designation of 
parents 

Chromosome 
number of ! 
grandparents, 

Chromosome 
number of 
parents 

Chromosome 
classes of 
progeny 

Female 

Male 

l 

1 Female 

Male 

Female 

Male 

! Female 

Male 

20 

20+ 

P-2. 

(a) 

1 

! (a) 

! 

! 532 

532 



1 20 

20 

29 

0 

P-83-1. 

O-l 

! C-l 

i 89-B 4 

89-B 3 

20 

20 

20 

20 

14 

0 

P-83-2. 

C-l 

C-l 

89-B 3 

89-Bs 

20 

20 

20 

20 

7 

0 

P-83-3. 

D-5 

! D-5 

94-Ais 

94-A 20 

21 

21 

20 

20 

25 

0 

P-83-4. 

G-4 

B-4 

97-Ao 

97-As 

24? 

21 

20 

. 

20 

22 

0 


° Commercial seed. 
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The figures givea in Table 1, taken from material collected in 1925, 
indicate that the 20 constantly present chromosomes of maize are 
regular in their behavior at meiosis. Exceptions similar to that 
found the previous year must be of rare occurrence. Consequently, 
in this study of the inheritance of a supernumerary chromosome, 
irregularities in the distribution of the 20 chromosomes of the normal 
set are regarded as insignificant. 

The data contained in Table 2 are in marked contrast with those 
in Table 1. When the parent plant has 22 instead of 20 chromo¬ 
somes, Fi plants with from 20 to 24 chromosomes are found instead 
of 22, the number which would be found if the eleventh chromo¬ 
some behaved as regularly during the reduction division as the 10 
normal chromosomes. 

Table 2. —Distribution by chromosome number of 73 Ft plants , both female and 
male parents having 22 chromosomes 


Progeny designation 


P-2-1. 

P-2-2. 

P-2-3. 

P-2-4. 

P-83-1..,. 
Ah-848-1. 
Ah-848-2. 


Total.. 


Delation of par- j 


ent plants 


number of 
parents 


I ' 

Female | Male | Female] Male 


8035 
8067 
8226 
8284 
G-4 
556B 
280-Bis 


8035 

8067 


G-4 

556B 

280-B23 


Chromosome classes of Fi offspring 


20 


21 


19 


22 


30 


24 


In order to analyze the apparent irregularities in the behavior of 
supernumerary chromosomes, the simplest case was chosen. Plants 
with 21 chromosomes were crossed reciprocally with plants with 20 
chromosomes and with each other, by which process three groups of 
progenies were obtained—those in which the female parent carried 
one extra chromosome, those in which the male parent carried the 
extra chromosome, and finally those in which both parents carried 
an extra chromosome. The chromosome number was determined 
in a large number of these Fi plants. Tables 3, 4, and 5 show the 
number of plants obtained in the various chromosome classes of these 
three related groups. 

In the five progenies given in Table 3 only the male parent had 
an extra chromosome. The presence of a few plants with 22 chro¬ 
mosomes in four of the five progenies studied shows that the dis¬ 
tribution of the extra chromosome at the time of pollen formation 
in the male parent was irregular. Regular division of a supernu¬ 
merary chromosome in either the heterotypic or the homotypic divi¬ 
sion in the microspore mother cell of the male parent would give in 
these crosses equal numbers of 20 and 21 chromosomed plants. 
This is clearly not the case, for in four of the five progenies studied 
the number of 20-chromosomed plants was much in excess of those 
with 21 chromosomes, and there is present a third class of plants 
with 22 chromosomes. It seems unlikely that a differential death 
rate has been effective in eliminating pollen grains with extra chromo- 
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somes, since in progeny P-83-2 the 11-chromosomed pollen, effective 
in bringing about fertilization, outnumbers the 10-chromosomed 
grains, and in progeny P-2-2 there is one 12-chromosomed pollen 
grain to three 10-chromosomed grains. The ratio in the latter is that 
expected when the extra chromosome nondisjuncts in the homotypic 
division. 

Table 3. —Distribution by chromosome number of 112 F\ plants , the female parent 
having 20 and the male parent 21 chromosomes 


Progeny designation 

Designation of par* 
ent plants 

Chromosome num¬ 
ber of parents 

Chromosome classes of Fi 
offspring 

Percent¬ 
age of 
nondis¬ 
junction 

Female 

Male 

Female 

Male 

20 

21 

22 

P-2-1. 

C 8 

Bi 

20 

21 

10 

2 

2 

69.5 

P-2-2. 

G4-Bs 

64-B 4 

20 

21 

24 

0 

8 

<* 100.0 

P-4-1. 

508-3 

508-4 

20 

21 

23 

11 

4 

42.1 

P-S3-1. 

94-Ba 

94-B3 

20 

21 

13 

0 

1 

• 100.0 

P-83-2. 

95-A7 

95-An 

20„ 

21 

6 

9 

0 

°0 


a Calculated from the ratio of the two observed classes. 


Table 4 shows a similar behavior for this extra chromosome when 
present in the megaspore mother cell. There are many more 20- 
chromosomed plants than 21-chromosomed plants in all progenies 
studied, and again there are a few 22-chromosomed plants. These 
facts indicate an irregular behavior of the extra chromosome at 
meiosis of the megaspore mother cell of 21-chromosomed plants simi¬ 
lar to that noticed in the microspore mother cell. In the production 
of an embryo-sac mother cell, however, three of the four cells of the 
linear tetrad die. All four of the progeny ratios of Table 4 show a 
deficiency in 12-chromosomed cells, indicating that both a differential 
death rate, which eliminates some of the cells with extra chromosomes, 
and nondisjunction have been effective in distorting the observed 
ratios between the three chromosome groups. 


Table 4. —Distribution by chromosome number of 170 F x plants , the female parent 
having 21 chromosomes and the male parent 20 chromosomes 


Progeny designation 

Designation of 
parent plants 

Chromosome num¬ 
ber of parents 

Chromosome classes of Fj 
offspring 

Percent¬ 
age of 
nondis- 
junetion 

Female 

Male 

Female 

Male 

20 

21 

22 

P-2-1. 

64-B4 

64-Bs 

21 

20 

19 

11 

0 

0 26.70 

P-83-1____ 

93 -B 13 

93 -B 15 

21 

20 

27 

12 

1 

36.0Q 

P-83-2.! 

94-B7 

94-Bi 

21 

20 

31 

21 

2 

24.40 

P-83-3.1 

95-Ae 

95-Ai8 

21 

20 

32 

14 

0 

° 39.1 

Total. 





109 

58 

3 

26.8 


a Calculated from the ratio of the two observed classes. 


Table 5 gives different classes of plants resulting from a union of 
Pollen and eggs, both produced from plants with 21 chromosomes. 
A regular behavior of the supernumerary chromosomes would give 
plants with the chromosome numbers 20, 21, and 22, in the proportion 
1:2:1. A glance at the observed populations shows that not only 
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is the ratio of 20, 21, and 22 chromosomed plants much distorted but 
also that a fourth class with 23 chromosomes has appeared. 

These additional data, therefore, confirm the assumption that an 
extra chromosome is.erratic in its behavior at meiosis of both the 
megaspore and the microspore mother cell. 

Table 5. —Distribution by chromosome number of 274 Fi plants , both female and 
male parents having 21 chromosomes 


Progeny designa¬ 
tion 

Designation of 
parent plants 

Chromosome 
number of 
parents 

Chromosome classes of Fi off¬ 
spring 

Percentage of 
nondisjunction 

Female 

Male 

Female 

Male 

20 

21 

22 

: 23 

Fe¬ 
male • 

Male 

P-2-1. 

50-B 3 

50-B4 

21 

21 

14 

5 

3 

3 

26.8 

100 

P-2-2. 

69-Bio 

69-B4 

21 

21 

26 

14 

19 

6 

26.8 

100 

P-83-1. 

95-Ai7 

95-Ai8 

21 

21 

12 

19 

13 

0 

26.8 

0 

P-83-2. 

96-Ai2 

96-Aia 

21 

21 

20 

20 

4 

2 

26.8 

35 

P-83-3. 

97-An 

97-An 

21 

21 

16 

11 

10 i 

2 

26.8 

65 

P-83-4.. 

97-Ai? 

97-An 

21 

21 

17 

22 

6 

1 

26.8 

10 


a Value taken from Table 4. 


Cytological observations of microspore mother cells with 21/2 
chromosomes have shown that the extra univalent does not divide 
in the first of the reduction divisions. This observation is substan¬ 
tiated by the study of Y 1 progenies one or both parents of which had 
21 chromosomes. If this extra chromosome divided and the halves 
went to opposite poles in the first reduction division, there would be 
produced pollen and eggs with 10 and 11 chromosomes only. This 
can not be the case since in the Fx progenies are found plants that 
must have originated from pollen and eggs with 12 chromosomes. 
Frequently in microspore mother-cell preparations with an extra 
chromosome, one of the chromosomes is found nondisjuncting in the 
homotypic division. It is this behavior, combined with the failure 
of a supernumerary chromosome to divide in the heterotypic division, 
that produces some pollen and eggs with 12 chromosomes. There is 
thus provided a reasonable explanation of the irregular chromosome 
behavior that brings about the aberrant ratios found in this hybrid 
offspring. 

Figure 5, A and B, is a schematic drawing which shows the sequence 
of events in the production of cells with extra chromosomes in the 
linear and in the pollen tetrads. 

The figures given in Tables 3 and 4 show that nondisjunction has 
significantly modified the expected ratios of the progenies studied. 
A more critical consideration of these aberrant ratios made it ap¬ 
parent that the amount of nondisjunction for individual progenies 
may be very definitely estimated. For example, progeny P-4-1, 
Table 3, has 23 plants with 20 chromosomes, 11 with 21 chromosomes, 
and 4 with 22 chromosomes. The excess of the first over the second 
class is 12 plants. This excess added to the 4 plants of t&e third 
class, gives 16 plants out of a total of 38 that, within the limits of 
random sampling, must have originated through nondisjunction. 
There was in this progeny, therefore, 42.1 per cent of nondisjunction. 
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When possible, the percentages of nondisjunction were calculated 
by Fisher’s formula (§, $>. 25) for determining the maximum likeli¬ 
hood. The percentages of nondisjunction thus calculated are given 
in the last column of each table. 

Table 3 records the behavior of an extra chromosome in micro- 
spore mother cells. The percentages vary from 0 to 100, while those 
for the megaspore mother cell, recorded in Table 4, vary only from 
20 to 36. These percentages suggest that the extra chromosome 
when present in the less-protected microspore mother cell is more 
erratic in its behavior than when present in the well-protected mega¬ 
spore mother cell. The individual behavior of the five progenies 
listed in Table 3 are so different that they can not rightly be classed 


M£0/fS£0/S£ Af/0£0SP0££ L 

M0T/f£G C£LL M0T#£& C£U. 



Fig. 5.—Diagram showing distribution at msiosis of 21/2 chromosomes to the four colls of a totrad: 
A, Megaspore mother cells. The first division gives two colls, one with 10 and the other with 11 
chromosomes. The second division gives six types of tetrads, two (soo A-l) in which the division 
of the eleventh chromosome is normal and four (see A-2) in which there is nondisjunction of the 
two halves of the eleventh chromosome; B, microsporo mother cells. The first division gives two 
cells, one with 10 and the other with 11 chromosomes. The second division gives two types of 
tetrads, one (see B-l) in which the division of the eleventh chromosome is normal and one (sen 
B-2) in which there is nondisjunction of the two halves of the eleventh chromosome 


together, while the four progenies listed in Table 4 are not signifi¬ 
cantly different, which permits their combination into one group 
and the calculation of the total percentage of nondisjunction for 
the combined group. For the megaspore mother-cell material 
studied this percentage is 26.8, while the percentage for the micro¬ 
spore mother-cell material is variable, ranging from 0 to 100 per 
cent. 

Progenies P-2-1, listed in Table 4, and P-2-2, listed in Table 3, 
may be used for comparing the behavior of this extra chromosome 
in the megaspore and microstore mother cells of the same plant. 
The percentage of nondisjunction for the former is 26.62, while that 
for the latter is 100. Compared by Fisher’s (8, p. 84) X a test of 
Independence, these two progenies give an X 2 of 10.106+ , indicating 
that there exists a significant difference in the reciprocal cross. 
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DISCUSSION 

Variations in the form and size of chromosomes have frequently 
been referred to and pictured by cytological investigators. Sharp 
(23, p. 173 ) discusses individual chromosome characteristics, and his 
simile comparing a chromosome set to a series of unlike wheels in a 
watch seems very apt. Just such a set of 10 chromosomes and 
apparent differences in anatomical characteristics of sister chromo¬ 
somes are to be found in maize. 

Carothers {5) in Circotettix, Taylor (24, 25, 26, 27, 28) in Fritil- 
laria, Abstroemeria, and other genera, and Ferguson (7) in Aloinae 
have recently investigated anatomical chromosome characteristics. 
One outstanding character found constant in chromosomes is the 
region of fiber attachment and the associated constriction. Taylor 
(28) considers the heterotypic division unfavorable for detecting 
constrictions. However, the region of the fiber attachment shows 
distinctly at the heterotypic metaphase of microspore mother cells 
of Zea mays. This character is constant for each chromosome and 
serves as a useful mark for chromosome identification. In all diploid 
forms of maize there are constantly two chromosomes with approxi¬ 
mately terminal, two with subterminal, and six with central regions 
of fiber attachment. 

Shapes of chromosomes, such as rods, V ? s, and J's, for somatic 
chromosomes and double V 7 s or rings, double J 7 s, XV and 8 7 s for 
bivalent chromosomes, are described by Belling (2, 3) for hyacinths. 
These characteristic shapes are not peculiar to hyacinths, but are 
observed by cytologists in innumerable plant forms. When seen at 
diakinesis in a favorable plane the bivalent chromosomes of Zea mays 
can be classified as six rings or double V's, two loops with overlapping 
ends or double J’s, and a figure 8. 

Size of chromosomes is also a much-used characteristic for identify¬ 
ing individual chromosomes and even whole chromosome sets. Bab¬ 
cock and Lesley (1) find similarity of chromosome size is a useful 
criterion of relationship of Crepis species. Outstanding size differ¬ 
ences are apparent in Zea chromosomes. The six rings have appre¬ 
ciable size differences, the figure-8 chromosome is large, and one 
chromosome of the normal set is most readily identified by its small 
size. 

The determination of definite chromosome characteristics for each 
of the 10 chromosomes making up the set of all diploid forms of 
maize should make it easier to identify and trace the behavior of 
extra chromosomes in aneuploid forms. Supernumerary chromo¬ 
somes in maize have terminal points of fiber attachment, are small, 
and in general resemble closely the tenth small chromosome of the 
normal set. 

In order to determine whether supernumerary chromosomes are 
new bodies or simple duplications of chromosomes of the normal set, 
recourse may be had to genetic analysis. Such an analysis is novr 
in progress. 

The present study is concerned with the inheritance of a single 
extra chromosome. Carother’s (5) article on the distribution of 
chromosomes in Circotettix has demonstrated that the laws of 
heredity apply to the segregation of chromosomes making up a 
normal set. Belling (2) has shown that in a triploid hyacinth the 



782 


Journal of Agricultural Research 


Vol. 35, No. 9 


chromosomes in excess of the diploid number are distributed by 
chance. Watkins (30, 31) and Kihara (12) have studied the behavior 
of unpaired chromosomes in Triticum hybrids, and have found that 
although they are distributed at meiosis by the law of chance, there 
is a differential death rate eliminating pollen with extra chromosomes. 

These observations of Zea mays indicate that one extra chromo¬ 
some in a megaspore or a microspore mother cell is affected by some 
factor that modifies the chance distribution. The different possi¬ 
bilities have been tested, and the conclusion reached that nondis¬ 
junction of the extra chromosome in the homotypic division causes 
the production of some pollen and eggs with 12 chromosomes. It 
has been found that the percentage of nondisjunction for a particular 
progeny can be determined approximately from the ratios between 
10, 11, and 12 chromosomed gametes. These percentages^ show 
that nondisjunction of an extra chromosome in the second division 
of the microspore mother cells in the five progenies studied is variable, 
ranging from 0 to 100 per cent, while in the four progenies of mega¬ 
spore mother cells nondisjunction was observed to occur in approxi¬ 
mately 26 per cent of the cells carrying an extra chromosome. 

Outstanding examples of plants in which pollen grains with a 
certain chromosome number are more effective in bringing about 
fertilization than other grains with a lower or a higher number are 
Triticum, already referred to; Oenothera lata, in which Lutz (19) 
believes that only male gametes with seven chromosomes function; 
the Globe mutant of Datura, found by Buchholz and Blakeslee (4) 
to transmit the extra chromosome in about 3 per cent of the pollen 
grains; and Nicotiana tabacum, in which Clausen and Goodspeed (6) 
observed a similar elimination of pollen carrying an extra chromosome. 
In maize there seems to be no indication that male gametes with 
extra chromosomes are less effective in bringing about fertilization 
than those having the normal set of 10. In the selection of an 
embryo-sac mother cell from the linear tetrad, however, there are 
definite indications of a differential death rate which increases the 
number of 10-chromosomed female gametes at the expense of those 
carrying 12 chromosomes. 

These data on the distribution of more than one supernumerary 
chromosome are too incomplete to be included in the present article. 

SUMMARY 

Ten has been found to be the haploid chromosome number present 
in most maize varieties and forms. These 10 normal chromosomes, 
%when viewed in the heterotypic division, have individual character¬ 
istics such as size, shape, and position of fiber attachment. This 
chromosome set is composed of six double V's, two^ double J’s, a 
figure 8, and a small chromosome with no easily describable shape. 

The behavior of the normal chromosome set during the reduction 
phases is, with rare exceptions, regular. 

A few maize forms have been found in which, frequently or in¬ 
frequently, plants appear with supernumerary chromosomes. 

Extra chromosomes resemble in size and shape the smallest of the 
normal chromosome set. 

The distribution of a supernumerary chromosome to the four 
daughter cells has been studied and found to be erratic. 
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# It goes undivided to one or the other of the poles in the first reduc¬ 
tion division, and nondisjunction occurs in varying percentages in 
the second division. 

In microspore mother cells nondisjunction varies from 0 to 100 
per cent in the five progenies studied. 

In. megaspore mother cells nondisjunction is a more stable factor 
and is found to be approximately 26 per cent in the four progenies 
studied. 

Pollen viability seems to be in no way associated with chromosome 
number. On ^the other hand, a differential death rate seems to 
eliminate part of the embryo-sac mother cells with two supernumerary 
chromosomes. 
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INTRODUCTION 

.mature and increasing destructiveness of cabbage yellows 
C Fusarmm conglutinans Woll.) throughout the central belt of States 
from coast to coast have already been amply discussed in previous 
reports (#, 8, 4)/ It is now 15 years or more since the improvement 
ol cabbage varieties with respect to their resistance to this disease 
was begun by Jones and his associates. The first efforts with the 
late-storage type resulted in the development of Wisconsin Hol¬ 
lander (2), while selections from two standard Sauerkraut varieties 
have led to the introduction of Wisconsin All Seasons and Wisconsin 
Brunswick (8). These three varieties are now in common use where 
the yellows disease prevails and where the needs are met by these 
types. In each case they are late-maturing varieties eminently suited 
for the production of late storage cabbage on the one hand and a 
late sauerkraut crop on the other. 

In many sections where yellows occurs, the early and midseason 
crops equal or exceed the late crop. It is therefore natural that 
with the increasing importance of the disease a keen demand has 
arisen for resistant strains maturing earlier than those in use and 
conforming in type to the somewhat varied demands. Accordingly, 
as already noted (4), selection work was begun some years ago from a 
number of the earlier varieties, there being now included in the list 
All Head Early, Glory of Enkhuizen, Copenhagen Market, Jersey 
Wakefield, and Charleston Wakefield. 

Progress with the first three varieties named has reached the 
point where certain of the selections not only possess high degrees 
of resistance to the yellows organism, but also have reasonable 
uniformity in other respects such as time of maturity, shape and 
quality of head, color, and productiveness. It has therefore been 
found expedient to multiply the seed of these lines and to introduce 
them to the trade channels, where it is expected that they will fill 
a place as midseason varieties in yellows-infested regions. These 
new strains resemble in their main features the varieties from which 
they were selected. They possess the added character of resistance 
and some variations as to type, and these differences seem to warrant 
varietal distinction. The names of the new varieties which will be 
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used in the present discussion and which are recommended for 
general usage are listed below along with the names of the parent 
varieties from which they were derived. 


Yelloios-resistant variety 


Parent variety 


All Head Select. 
Globe. 

Marion Market. 


All Head Early. 

Glory of Enkhuizen. 

Copenhagen Market (midseason strain.) 


The purpose of this paper is to describe the methods used in the 
development of the new varieties and to record the salient details of 
the experimental work which have yielded the present results. 


PRINCIPLES OF CABBAGE BREEDING INVOLVED 

In cabbage the blossoms are open-pollinated and as a rule are cross- 
fertilized by insects. The writers’ experience with artificial self- 
pollination of many cabbage seed plants has shown that in the main 
they are only slightly self-fertile, but sufficiently so to produce enough 
seed for pure-line selections. In cases where certain strains have 
been repeatedly selfed for three generations, some reduction in size 
of plants has been noted. Thus, continued pure-line selection may 
have some disadvantage where the stimulation of heterosis seems to be 
essential to productiveness. As a result the usual method employed 
for the improvement or maintenance of a standard variety of cabbage 
is first to select a number of individuals possessing certain desirable 
characters. These are reset the following season in an isolated 
plantation where cross-pollination between individuals may occur. 
By planting the seed of each plant separately the third season, 
individuals from the best of these may be selected and the process 
repeated. Thus there is attained a gradual approach toward homo¬ 
zygosity for certain characters, while vigor is maintained by allowing 
the plants from selected rows to cross-pollinate. 

This method of selection has been followed with unusual success 
in the work of Jones and his associates (2 } 8) in the development 
of the three Fusarium-resistant varieties already mentioned, Wis¬ 
consin Hollander, Wisconsin All Seasons, and Wisconsin Brunswick. 
Although in the commercial varieties from which these strains were 
selected only an occasional plant showed resistance to the disease, 
the progenies of such individuals were highly resistant in the second 
or third generation. Strains completely free from susceptible plants 
were never attained, however, by this method. 

More recent work (8) indicates that resistance is dominant over 
susceptibility. Moreover, a study of the F 2 generation of crosses 
between highly resistant and highly susceptible parents shows that 
segregation occurs at a ratio very close to 3 resistant to 1 sus¬ 
ceptible, and therefore indicates that resistance and susceptibility 
are allelomorphic unit characters (S). One would therefore expect to 
encounter difficulty in completely eliminating the recessive character 
of susceptibility by means of the head-to-row selection from open- 
pollinated plants. 

In the development of the three resistant late varieties already 
mentioned (2, 3). some marked deviations in type have resulted. 
This is most striking in the Wisconsin Hollander, which was selected 
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from two individuals of Ferry’s Danish Ballhead variety. The latter 
is a late-maturing storage type which produces a spherical, compact 
head with comparatively few outer leaves and a short stem. The 
Wisconsin Hollander, by way of contrast, matures some two weeks 
later than Ferry’s Danish Ballhead and produces a taller, ranker 
plant with a much larger head which is elliptical rather than spherical 
in vertical cross section. The Wisconsin All Seasons matures some¬ 
what later than the standard All Seasons and in spite of repeated 
head-to-row selection still varies considerably as to shape of head, 
leaf color, and uniformity in maturing. One of the chief reasons for 
these deviations probably lies in the fact that the disease reduced 
the plants available for the original selections to a very small group 
within which the opportunity to select for conformity to the standard 
type was decidedly limited. This change was so marked in the 
initial step with Wisconsin Hollander that it has seemingly been 
impossible so far to bring the resistant strain to the original type of 
the standard commercial variety through head-to-row selection from 
individuals allowed to open-pollinate. 

The deviations in type which obtain in Wisconsin Hollander, Wis¬ 
consin All Seasons, and Wisconsin Brunswick are fortunately not so 
great as to impair their value in meeting certain commercial needs. 
The problem before the writers has been to produce supplementary 
resistant varieties earlier in maturity and of vai’ious types. Selec¬ 
tions from the earlier standard varieties, according to the method 
just outlined, showed a tendency for the strains to become later in 
maturity as they became more resistant. It therefore seemed evi¬ 
dent that self-pollination and controlled cross-pollination of selected 
individuals offered possibilities for improvement which might not be 
attained by the other method. It should be possible to eliminate 
the undesirable recessive character of susceptibility by this means, 
while improvement in type by getting rid of certain undesirable 
characters might be expected. Should it be necessary to self- 
pollinate for many successive generations in order to reach the 
objective in mind, reduction in size and vigor of plants might occur. 
On the other hand, this obstacle might be overcome, if necessary, by 
carrying two or more distinct lines toward the same objective and 
then crossing two such lines when they had reached the desired degree 
of homozygosity, in order to restore vigor through heterosis. 

METHODS OF EXPERIMENTATION 

Cabbage under most conditions is a biennial. The simple and 
practicable method in the past was to make initial selections for 
resistance from a commercial field of the desired variety in which 
yellows had been very severe. These seed heads were placed in 
storage and set out the following spring and allowed to become 
cross-pollinated. Seed from each plant was saved separately and 
planted the following season on thoroughly sick soil in adjacent 
rows. The best plants from the most resistant rows were again 
saved and the process repeated until a highly resistant type was 
obtained. During the progress of the work now reported, certain 
revisions of this method have been adopted. 
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SEED PROPAGATION 

The seed heads, instead of being held over winter in storage, are 
placed in the greenhouse for seed propagation during the winter 
months. This method offers three distinct advantages. It advances 
the rate of progress by allowing the progenies of one year’s selection 
to be tested the following year. It precludes the necessity of pro¬ 
longed winter storage of seed heads, which is especially difficult with 
the early, poorly keeping varieties. It facilitates greatly the practice 
of controlled pollination. 

As the plants in the field approach maturity sufficiently to be 
judged for type, they are pulled and either planted in pots at once or 
more often held for some weeks in a cool cellar or in artificial cold 



Fig. 1.—-Cabbage seed plants in the greenhouse at Madison, Wis., April, 1926 


storage. There is little advantage in potting the plants immediately, 
inasmuch as they require several weeks of dormancy before they go 
into flower and seed production. The potted plants are kept at 
comparatively low temperatures (10° to 15° C.) in order that the root 
system may "become well established before the rapid growth of the 
top takes place. Plants selected during August and September are 
planted during October and are placed out of doors where they are 
allowed to remain until there is danger of injury from freezing. They 
are then removed to the greenhouse and kept at 10° to 15° C. until 
near blossoming time, when the temperature is raised to about 20°. 
By this means it is ordinarily possible to bring plants into blossom 
at Madison, Wis., in February. (Fig. 1.) 

The manipulation of pollination is carried out in the usual manner. 
A portion of the seed plant, usually the central stem, is bagged and 
the pistils are artificially self-pollinated by working a camel’s-hair 
brush over the open blossoms on alternate days. Such branches as 
are selected for crossing are bagged before blossoming begins, and 
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the buds are emasculated before the anthers become mature. Inas¬ 
much as the indeterminate raceme grows rapidly at this stage, it is 
necessary to emasculate daily to avoid selling. The pistils are 
receptive for several days, so that daily emasculation with pollina¬ 
tion every second or third day ordinarily results in a satisfactory set 
of seed. As soon as the seeds have passed the “milk stage” the 
plants are cut and hung up in a warm, airy house to hasten maturity. 
By this means a majority of plants are ready to thresh by the last of 
May. Such seed may be sown at once, and plants are ready to set 
into the field during the last week of June or early July. Under 
Wisconsin conditions this program usually allows a thorough test 
for resistance and type during the current summer. Greenhouse 
propagation of cabbage seed has also been used with success by 
Melhus and his associates (5) at the Iowa Agricultural Experiment 
Station. 

FIELD TESTS FOR RESISTANCE AND TYPE 

In conducting the field tests, certain lines of procedure have 
developed during a period of several years which may w T ell be de¬ 
scribed in some detail. The influence of soil temperature upon the 
incidence of cabbage yellows has been studied by Gilman (Jf), by 
Tisdale (7), and by Tims (6). In experiments where the soil was 
held at constant temperatures over a certain gradient it was found 
that the disease did not occur at 15° C., that it progressed slowly at 
17°, and that it developed with greatest rapidity at 26° to 29°. 
The Wisconsin Hollander and Wisconsin All Seasons showed less 
resistance under these experimental conditions as the temperature 
was increased, and at the optimum for disease development there 
was nearly a complete breakdown in resistance. Of course^ the 
entire root system is seldom if ever exposed to this extreme condition 
in nature. There were some differences in the severity of the disease 
at various soil moistures (7). In the soil which had a water-holding 
capacity of 31 per cent, the disease developed most rapidly and 
destructively at 15 per cent moisture, which was below the point 
where good normal growth of the plant was sustained; it was nearly 
as severe at 19 per cent moisture, where the best growth of the host 
occurred. At the latter soil-moisture content 100 per cent of the 
seedlings showed yellows, and 93 per cent had succumbed to the 
disease at the end of 28 days. In still higher moistures the disease 
was less destructive. At 23 per cent moisture an average of 89 per 
cent showed yellows and 64 per cent died, while at 26 per cent 
moisture 97 per cent were diseased and 68 per cent were killed. In 
the light of these facts, soil temperature and soil moisture may be 
expected to influence the development of the disease in the field as 
well as the expression of the resistant character. 

Ordinarily under southeastern Wisconsin conditions the soil tem¬ 
perature is too low during late spring to permit development of yel¬ 
lows in the cabbage seed bed, while the most rapid development of 
the disease occurs usually in July during the three or four weeks fol¬ 
lowing transplanting. On the other hand, in an occasional season 
the temperature during the middle or latter part of June is high 
enough to favor infection. In such an instance, were the seed bed 
made on infested soil, certain of the susceptible individuals would 
be eliminated before transplanting and more plants would succumb 
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SEED PROPAGATION 

The seed heads, instead of being held over winter in storage, are 
placed in the greenhouse for seed propagation during the winter 
months. This method offers three distinct advantages. It advances 
the rate of progress by allowing the progenies of one year’s selection 
to be tested the following year. It precludes the necessity of pro¬ 
longed winter storage of seed heads, which is especially difficult with 
the early, poorly keeping varieties. It facilitates greatly the practice 
of controlled pollination. 

As the plants in the field approach maturity sufficiently to be 
judged for type, they are pulled and either planted in pots at once or 
more often held for some weeks in a cool cellar or in artificial cold 



Pig. 1.—Cabbage seed plants in the greenhouse at Madison, Wis., April, 1920 


storage. There is little advantage in potting the plants immediately, 
inasmuch as they require several weeks of dormancy before they go 
into flower and seed production. The potted plants are kept at 
comparatively low temperatures (10° to 15° C.) in order that the root 
system may become well established before the rapid growth of the 
top takes place. Plants selected during August and September are 
planted during October and are placed out of doors where they are 
allowed to remain until there is danger of inj ury from freezing. They 
are then removed to the greenhouse and kept at 10° to 15°’ C. until 
near blossoming time, when the temperature is raised to about 20°. 
By this means it is ordinarily possible to bring plants into blossom 
at Madison, Wis ; , in February. (Fig. 1.) 

The manipulation of pollination is carried out in the usual manner. 
A portion of the seed plant, usually the central stem, is bagged and 
the pistils are artificially self-pollinated by working a camel’s-hair 
brush over the open blossoms on alternate days. Such branches as 
are selected for crossing are bagged before blossoming begins, and 
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the buds are emasculated before the anthers become mature. Inas¬ 
much as the indeterminate raceme grows rapidly at this stage, it is 
necessary to emasculate daily to avoid selling. The pistils are 
receptive for several days, so that daily emasculation with pollina¬ 
tion every second or third day ordinarily results in a satisfactory set 
of seed. As soon as the seeds have passed the “milk stage” the 
plants are cut and hung up in a warm, airy house to hasten maturity. 
By this means a majority of plants are ready to thresh by the last of 
May. Such seed may be sown at once, and plants are ready to set 
into the field during the last week of June or early July. Under 
Wisconsin conditions this program usually allows a thorough test 
for resistance and type during the current summer. Greenhouse 
propagation of cabbage seed has also been used with success by 
Melhus and his associates (5) at the Iowa Agricultural Experiment 
Station. 

FIELD TESTS FOR RESISTANCE AND TYPE 

In conducting the field tests, certain lines of procedure have 
developed during a period of several years which may well be de¬ 
scribed in some detail. The influence of soil temperature upon the 
incidence of cabbage yellows has been studied by Gilman (I), by 
Tisdale (7), and by Tims {6). In experiments where the soil was 
held at constant temperatures over a certain gradient it was found 
that the disease did not occur at 15° C., that it progressed slowly at 
17°, and that it developed with greatest rapidity at 26° to 29°. 
The Wisconsin Hollander and Wisconsin All Seasons showed less 
resistance under these experimental conditions as the temperature 
was increased, and at the optimum for disease development there 
was nearly a complete breakdown in resistance. Of course, the 
entire root system is seldom if ever exposed to this extreme condition 
in nature. There were some differences in the severity of the disease 
at various soil moistures (7). In the soil which had a water-holding 
capacity of 31 per cent, the disease developed most rapidly and 
destructively at 15 per cent moisture, which was below the point 
where good normal growth of the plant was sustained; it was nearly 
as severe at 19 per cent moisture, where the best growth of the host 
occurred. At the latter soil-moisture content 100 per cent of the 
seedlings showed yellows, and 93 per cent had succumbed to the 
disease at the end of 28 days. In still higher moistures the disease 
was less destructive. At 23 per cent moisture an average of 89 per 
cent showed yellows and 64 per cent died, while at 26 per cent 
moisture 97 per cent were diseased and 68 per cent were killed. In 
the light of these facts, soil temperature and soil moisture may be 
expected to influence the development of the disease in the field as 
well as the expression of the resistant character. 

Ordinarily under southeastern Wisconsin conditions the soil tem¬ 
perature is too low during late spring to permit development of yel¬ 
lows in the cabbage seed bed, while the most rapid development of 
the disease occurs usually in July during the three or four weeks fol¬ 
lowing transplanting. On the other hand, in an occasional season 
the temperature during the middle or latter part of June is high 
enough to favor infection. In such an instance, were the seed bed 
made on infested soil, certain of the susceptible individuals would 
be eliminated before transplanting and more plants would succumb 
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in the moderately resistant and susceptible progenies than in the 
highly resistant ones. This would introduce an error into the com¬ 
parison of those progenies in the field. The seed bed is therefore 
made on yellows-free soil and the plants transferred to infested soil 
for the resistance tests. Through a period of years it has been found 
that the most uniform and critical tests for resistance in the locality 
mentioned are obtained by sowing the seed from May 10 to May 
30 and transplanting from June 25 to July 15. 

The same plot of soil located in eastern Kenosha County, Wis., is 
used each year in making the field tests. By repeated cropping with 
cabbage this soil has become as thoroughly and uniformly infested 
with the yellows organism as is readily possible to attain under nat¬ 
ural field conditions. For purposes of comparison a commercial 
(susceptible) variety and one of the resistant varieties now in general 
use, such as Wisconsin All Seasons, are planted at frequent intervals 
throughout the plot. The customary procedure in notation of yel¬ 
lows has been to determine the number of diseased plants in each 
progeny at intervals of 7 to 12 days after the first appearance of 
the disease. A gradual increase occurs in the number of diseased 
individuals until about the middle of August, the rate depending 
partly upon climatic conditions. During this period a gradation in 
the severity of the disease among individuals of a given progeny is 
usually noticeable. A number of the diseased plants are often killed 
within a few days after the appearance of the first symptoms, some 
persist for a few weeks, a few even produce small heads at the end of 
the season, while still others may show only slight symptoms on one 
or two lower leaves during the warmest part of the season. The 
last-mentioned type of plant eventually loses the affected leaves, 
and thereby any outward sign of the disease disappears, and with 
the return of cooler weather subsequent growth is normal. Whether 
this variation is a true gradation in resistance due to differences in 
hereditary factors, or whether certain environmental factors are re¬ 
sponsible in whole or in part, is still an unsettled question. It is 
certain that soil temperature, soil moisture, and stage of growth of 
the host at the time of infection are important factors which influence 
the expression of resistance. 

Variation from season to season and variation in time of planting; 
within a single season have been found to influence the expi'ession of 
resistance of a given progeny, and undoubtedly these differences are 
traceable to the varied effects of these environmental factors. It has 
therefore become a common practice, where the seed supply permits, 
to test the important progenies through two or three seasons. All 
plants which show even slight symptoms of yellows are labeled with 
small bamboo stakes as soon as the disease appears, so that if they 
recover later in the season they are avoided in making further selec¬ 
tions. This custom of permanently marking all diseased plants was 
first adopted in 1924. (Fig. 2.) 

Beginning with 1924, the plants affected by yellows were divided 
into four more or less arbitrarily established classes, namely, (1) those 
killed by the disease, (2) those so severely injured as to be unable to 
form heads, (3) those only slightly affected, which may form heads 
although they clearly show slight inhibitive effects of the organism, and 
(4) those in which the slight symptoms disappear during the course of 
the season and which head quite normally. This classification gives 
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a clearer picture of the damage caused by the disease in a particular 
strain than would be apparent in the mere record of the total per¬ 
centage of plants affected. Thus, in a given strain showing 25 per 
cent of the plants affected, all or most of the cases might fall in the 
“recovery” class, whereas in another strain showing the same per¬ 
centage of plants affected the majority might fall in the “dead” 
class. ^ For purposes of comparison in this paper, the classification is 
simplified somewhat. In the field results of 1924 and subsequent 


Fig. 2.—A portion of the Kenosha trial plot on yellows-sick soil. Note bamboo stakes used to 
mark each plant showing yellows. The two row s in the center contain highly resistant families, 
while at either tide are very susceptible families 


seasons, the plants falling in the “dead” and “severe” classes are 
combined in one category, and the “slight” and “recovery” classes 
are combined in a second group. 


DESCRIPTION OF PARENT STOCKS USED 


Cabbage varieties are commonly divided with respect to the length 
of their period of development into three groups—early, second 
early or mid season, and late. As previously noted, the need for 
yellows-resistant late varieties has been met for the present, and the 
work in progress has to be primarily with the mid-season and early 
sorts. In this report attention is given to the mid-season varieties. 
The market and sauerkraut demands within this group are not 
sufficiently uniform to justify concentrated attention upon selection 
within a single mid-season variety. In sauerkraut manufacture the 
preference is strongest for the flathead type, while in many cases the 
market demands are decidedly in favor of the roundhead varieties. 
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It seemed advisable, therefore, to make selections from varieties 
representing both, types. For the flat type the All Head Early 
variety was chosen because of its popularity among sauerkraut pack¬ 
ers and in certain cabbage-shipping sections. For the roundhead 
type Glory of Enkhuizen and Copenhagen Market were used. These 
last two are grown widely for mid-season shipping and for sauer¬ 
kraut manufacture. Copenhagen Market properly belongs in the 
early group, but, as will be pointed out later, certain strains sold 
under this name really belong to the mid-season class. It is from 
one of these mid-season strains that the selections from Copenhagen 
Market herein described were made. A brief description of each of 
these parent varieties is given. 

GLORY OF ENKHUIZEN 

The variety known as Glory of Enkhuizen was introduced into 
America in the late nineties by Sluis & Groot, a seed firm of Enk¬ 
huizen, Netherlands. It produces a prominent spherical head 
which at maturity has a light-yellowish cast, and in most strains 
now in use there is sufficient “bloom' 7 to give a bluish green tinge 
to the outer foliage. The stem is comparatively short, and at 
maturity the outer leaves are not very numerous, resulting in the 
characteristic prominence of the head. This variety has become 
very popular in recent years as a shipping cabbage following the 
early crop, such as early Copenhagen Market, Jersey Wakefield, 
and Charleston Wakefield, and preceding the late varieties such as 
Danish Ballhead. It is also used widely in sauerkraut manufactur¬ 
ing centers where it commonly shares in popularity with All Head 
Early and the mid-season strains of Copenhagen Market for the early 
pack of sauerkraut. 

COPENHAGEN MARKET 

Certain strains sold under the name of Copenhagen Market are 
close to Glory of Enkhuizen in type and maturity, and sometimes the 
two varieties ^ are used interchangeably for market and for sauer¬ 
kraut manufacture. Copenhagen Market was introduced into 
America in 1912 by Hjalmar Hartman & Co., of Copenhagen, Den¬ 
mark. The original introduction was an early-maturing roundheaded 
cabbage with yellowish green foliage. Like the Glory of Enkhuizen, 
it produces a prominent head and comparatively few outer leaves at 
maturity. The original type, however, matures at least two weeks 
earlier than Glory of Enkhuizen and ordinarily produces a smaller 
head. Since the time of its introduction much deviation from the 
original type has appeared in many of the strains offered for sale. 
This has probably been brought about by laxity in selection, by 
mixture, and by substitution. In any case, at the present time two 
general types of Copenhagen Market are recognized. Certain of the 
strains now listed by seedsmen as “Extra Early Copenhagen/ 7 
“Superselect Copenhagen/ 7 “Reselected Copenhagen/ 7 or with 
other qualifying terms conform closely to the original. Golden Acre, 
a recent introduction, seems to differ little from the original Copen¬ 
hagen Market. Other strains produce larger heads, are more variable 
as a rule, and mature anywhere from a few days to two weeks later 
than the original strain; but they are still sold as Copenhagen Market. 
Such strains approach the characters of Glory of Enkhuizen and 
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really belong in the mid-season group. In this connection it may be 
well to cite the opinion of Work (9 ): 

Those who plant Copenhagen cabbage should take account of the fact that 
there are two distinct types of this variety. The one is early as Wakefield, is 
small, [and] matures very uniformly * * *. Golden Acre is practical^ the 

same as this strain, being, if anything, smaller and earlier. The second type is 
larger, later, and an excellent strain, but is sure to disappoint the man who 
works for early market. This is a type that is best suited for mid-season 
market and for the kraut factory. 

In the present investigation with this variety original selections 
were made at Marion, Va., from stock labeled Copenhagen Market 
It was evident from the beginning, however, that it was one of the 
later strains of the variety, and it was continued because of its 
intrinsic value as a mid-season type for shipping and local market 
as well as for sauerkraut. Thus the resistant strain Marion Market, 
though selected from Copenhagen Market, does not possess the 
early-maturity qualities of certain strains of the latter, and this 
fact should be clearly recognized in its use. Selection has been 
started from very early strains of Copenhagen Market, but these are 
being carried as distinct lines and will be reported upon later. The 
resistant strain Iacope, introduced recently by Melhus, Erwin, and 
Van Haltern (5), was also derived from Copenhagen Market. 

ALL HEAD EARLY 

The original selection of All Head Early was made in 1888 by 
W. Atlee Burpee, from a field of Henderson’s Succession being grown 
in eastern Long Island by J. M. Lupton. It was introduced to the 
trade in 1891. It is one of the earliest of flathead types of cabbage 
and for that reason has become a popular variety for early sauer¬ 
kraut. In the lots of this variety which have been studied consider¬ 
able variability has been noted, and it does not appear to be a well- 
fixed variety. As a whole it may be considered as having a short 
stem, flat head with comparatively few outer leaves at maturity, 
petioles short, and foliage intermediate in color between the yellowish 
green of Copenhagen Market and the bluish green of Glory of Enk¬ 
huizen. Certain undesirable variations from this type will be 
discussed in connection with the detailed account of selections made 
from this variety. 

DEVELOPMENT OF THE RESISTANT VARIETY GLOBE FROM 
GLORY OF ENKHUIZEN 

FIRST-GENERATION SELECTIONS 

Initial selections were made in 1921 from resistant individuals 
which remained healthy in a planting of very uniform commercial 
stock of Glory of Enkhuizen on the trial grounds in Kenosha County, 
Wis. This soil was thoroughly infested with the yellows fungus, 
and only a small percentage of the original plants survived. From 
these, several heads were selected which conformed reasonably well 
with the average type for the variety. They were stored over winter 
and planted the following spring in an isolated spot where cross¬ 
pollination was allowed to take place. Head-to-row tests were made 
in 1923 from the six plants producing seed. The results, recorded 
in Table 1, show that all progenies had considerable resistance. 
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Retrials in 1924 and 1925 indicate that the last two seasons offered 
conditions for a more severe test than did 1923. These first selections 
all conformed reasonably well to the standard type. Two progenies, 
however (35-1 and 2) showed a tendency of the heads to flatten 
slightly, and they were therefore discarded. From the four remaining 
lots about 100 heads were saved for greenhouse seed propagation in 
the winter of 1923-24. 

Table 1 . —Behavior of first, second , and third generation progenies of Globe 
selected from Glory of Enkhuizen variety of cabbage on yellows-infested soil 


Genera¬ 

tion 

Paient strain 

Progeny num¬ 
ber * 

1923 trials 

1924 trials 

1925 trials 

1926 trials 

Total number 
of plants 

Yellows (per 
cent) 

Total number 
of plants 

Yellows, dead 
or severe (per 
cent) 

Yellows, slight 
or recovered 
(per cent) 

Total number 
of plants 

Yellows, dead 
or severe (per 
cent) 

Yellows, slight 
or recovered 
(per cent) 

Total number 
of plants 

Yellows, dead 
or severe (per 
cent) 

Yellows, slight 
or recovered 
(per cent) 



35-1 

246 

16 










First - 

Commercial 

3.V2 

254 

IS 

219 

15 

5 

65 

23 

6 





Glory of 

35-3 

255 

b 20 

40 

28 

3 

49 

22 

6 





Enkhui- 

135-4 

254 

b 14 











zcn. 

35-5 

257 

b 21 

46 

15 

0 

26 

31 

0 






35-fi 

513 

b 15 












[35-1Is. 



24 

13 

0 

26 

4 

8 






35-11X12. 



105 

1 

0 

75 

1 

1 

46 

0 

0 



35-12S. . 



69 

0 

b 0 

52 

0 

*>2 




Second-- 

35-3 to 6. 

35-12XJ1 



25 

0 

0 

219 

0 

*>0 




135-12X13. 






51 

0 

0 






CG-7*X35-11. 



62 

is 

0 









CG-7X35-12-. 



50 

o 

0 









.CG-7X35-13-- 



67 

42 

15 








35-12X11—- 

35-26-B. 









18 

22 

0 



f35-22s 









17 

0 

0 



35-22X21 






25 

0 

0 






35-43S- . . . 









8 

0 

0 

Third_ 

<35-12s. 

35-43X59 









13 

0 

0 



j35-5Is. . 




; . 




20 

25 

0 



35-58S_ 









21 

0 

0 



35-59S 









m 

0 

0 



135-57S_ 








17 

0 

0 

Com- 



1 251 

73 

48 

60 

19 

214 

53 

30 

240 

61 

27 

m e r - 














cial. 














Wiscon¬ 



i 258 

1 

55 

0 

2 

50 

0 

4 

23 

0 

0 

sin All 














Sea¬ 














sons. 



i 

1 












a The suffix s indicates that the progeny is the result of self-pollination of a given plant. When a progeny 
is the result of a cross between two plants, e. g., 11X12, the number of the pistillate parent is given hist. 
Progenies 35-1 to 35-6 are from plants 1 to 6 which were allowed to cross-pollinute. 
h Further selections were made at the end of the season 

c CG-7 was a plant from the commercial variety Glory of Enkhuizen, the selfed progeny of which showed 
practically 100 per cent yellows on sick soil, indicating that it was homozygous for susceptibility. 


SECOND-GENERATION SELECTIONS 

The mortality 5 of seed plants in the greenhouse was very heavy, 
and only two of the second-generation selections produced seed 
(35—11 and 12), while a third (35-13) produced enough pollen to use 
in certain crosses. In addition to selfing each plant and crossing 
within the group, crosses -were made with a plant of a susceptible 

5 Decay of the stem in the region oi and below tlio head is common in the greenhouse. It occurs after the 
mother seed heads are planted ami either during the dormant period or after elongation of the seed stem 
has started. No single organism is responsible for this injury. Bacteria and fungi, including Phrnia liny am 
and Ehizoctonia spp.* are commonly associated with the decay. 
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strain. Tests of these progenies were made in 1924 and 1925, 
and the results are included in Table 1. 

The progeny from the selling of plant 35-11 showed some suscepti¬ 
bility to yellows, while progeny 35-12s was highly resistant. 



Fig. 3.—Progeny tests of midseason cabbage strains on Kenosha trial plot in 1925. Bamboo mark¬ 
ers were removed before the photographs were taken: A, Center row is commercial Copenhagen 
Market, which showed 96 per cent of plants yellowed. At the right is Globe progeny 35-12X11 
(see Table 1), selected from Glory of Enkhuizen completely free from disease. At the left are 
hybrids from a cross between 35-12 which was homozygous for resistance and a Copenhagen 
Market plant which was heterozygous for resistance. Note that resistance is completely dominant. 
B, Center row is commercial Golden Acre, of which S3 per cent of the plants were diseased. At 
the left is Marion Market progeny 30-13X15B (selected from Copenhagen Market), which showed 
one slight case of yellows out of 47 plants. At the right are All Head Select progenies, which 
were highly resistant 


Hybrid plants from crosses in which plant 35-12 entered into the 
combination also proved to be highly resistant. In Figure 3, A, 
progeny 35-12X11 is shown in comparison with commercial Copen¬ 
hagen Market and with the hybrids from a cross between a partially 
resistant plant and plant 35-12. Other experiments to be reported 
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later have shown that whenever a plant which is homozygous for 
resistance is crossed with a heterozygous one or one homozygous 
for susceptibility the F x hybrid plants are resistant. It is to. be 
noted here that when plant 35-12 was crossed with a susceptible 
plant the Fx hybrid plants were all resistant. This indicates that 
plant 35-12 was homozygous for resistance. The Fx hybrid from 
crosses between plants 11 and 13 and the susceptible parent showed 
marked degrees of susceptibility, indicating that they were still 
heterozygous for resistance. The selfed progeny from plant 12 
(35~12s) was very uniform and satisfactory in type, and this was 
therefore used as a basis for further selections. Plants from this 
lot were saved in 1924 and 1925, and several third-generation pro¬ 
genies were thus obtained. In addition a number of plants from 
progeny 35-12x11 were saved and later cross-pollinated, the seed 
being grouped into one lot, 35-26-B. 

THIRD-GENERATION SELECTIONS 

Inasmuch as progeny 35-12 X 11 was the result of a cross between 
a homozygous and a heterozygous parent, a certain amount of rever¬ 
sion would be expected in the next generation. This proved to be 
the case when lot 35-26-B w r as tested and found to have 22 per cent 
yellows in the “dead or severe” class. (Table 1.) .The progenies 
derived from 35-12s all proved to be 100 per cent resistant with the 
exception of 35-51s, which again segregated at the ratio of 3 resistant 
to 1 susceptible. This should not have been the case if plant 35-12 
were truly homozygous. An explanation of this variation is offered 
by the possibility that it was the result of contamination in the 
pollination of plant 35-12. Such chance contamination is not entirely 
eliminated and was particularly likely to occur in 1924-25 greenhouse 
propagation, when all the selfed branches were not bagged during 
the entire blossoming period. The supposition is supported in this 
case by the facts that the segregation was exactly in the 3 to 1 ratio 
and this particular progeny showed marked deviation in type from 
35-12s while the sister progenies continued to resemble the mother 
progeny quite uniformly. It is likely that with the exception of 
35-5 Is the third-generation progenies are homozygous for resistance 
under field conditions. 

TYPE OF THIRD-GENERATION PROGENIES 

The third-generation progenies show a marked degree of uniformity 
in type. Typical heads are shown in Figure 4, A, B. The color is 
very close to that of the average Glory of Enkhuizen, while time of 
maturity and shape and texture of head all seem to be reasonably 
similar in the two strains. The prominence of the head at the time of 
maturity is not as pronounced in the selected progenies as is often 
noted in standard Glory of Enkhuizen. This is due largely to the 
fact that the new strain has a few more leaves in the outer foliage, 
which does not constitute a serious objection. With the exception 
of progeny 35-5Is, all third-generation progenies resemble very 
closely the characters of 35-12s and 35-12X11. It is evident that 
pure-line selection for two successive generations has, in addition to 
fixing resistance, served to fix certain characters which go to make 
. up type. By this means much of the variability in cabbage varieties 

few 
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Fig. 4 .—Typical plants from the yellows-resistant midseason varieties: A, B, Globe, a round¬ 
head type selected from Glory of Enkhuizen; C, D, Marion Market, a roundhead type selected 
from Copenhagen Market; E, F, All Head Select, a flathead type selected from All Head Early. 
Compare with Figure 5 
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may undoubtedly be eliminated. There is little evidence that the 
third-generation progenies are seriously reduced in vigor as a result 
of selling for two successive generations. 

MULTIPLICATION OP GLOBE 

It is evident that the selections within this variety (to which the 
name Globe has been given) have reached a point where little may be 
expected from further pure lining. The present plan, therefore, is to 
multiply the third-generation progenies (except 35-51s). The plants 
from these progenies will be allowed to cross-pollinate in order to 
provide a greater quantity of seed and to insure against reduction in 
vigor. The seed thus procured may serve as stock seed for multipli¬ 
cation under proper safeguards in one or another cabbage-seed 
growing region. 

Because of the urgent demand for resistant strains of this type a 
number of heads from strains 35-3 to 6 were selected for type in 
1923, and seed was produced from them in 1924. A trial of this stock 
seed in the Kenosha plots in 1925 showed only 12 per cent of the 
plants severely diseased, while 80 per cent remained healthy, and 
the type, though not equal to the best progenies tested in 1926, was 
quite as satisfactory as commercial Glory of Enkhuizen. The re¬ 
mainder of this stock was sent to the Puget Sound region in the 
spring of 1925 by the National Kraut Packers’ Association, and a 
crop of seed was obtained in 1926. Thus this advance lot of seed 
will be available at once for preliminary use on a commercial scale 
until the multiplied seed from the third-generation progenies becomes 
available. 

DEVELOPMENT OF THE RESISTANT VARIETY MARION MARKET 
FROM COPENHAGEN MARKET 

Initial selections were made in 1921 from a commercial planting of 
Copenhagen Market in a demonstration plot conducted near Marion, 
Va., under the direction of F. D. Fromme, of the Virginia Agricul¬ 
tural Experiment Station. The original stock was one of the later 
maturing strains of Copenhagen Market, having on an average a 
bluish green rather than a yellowish green foliage, although variation 
in this respect was evident from the beginning. Selection has now 
passed through three generations. The results of the trials on the 
Kenosha grounds are given in Table 2. 

PIEST-GENERATION SELECTIONS 

The original heads selected at Marion in 1921 were held over 
winter in storage and planted together in an isolated spot in 1922, 
where they were allowed to become cross-pollinated. Head-to-row 
progeny tests were made in 1923 from the six plants maturing seed 
(30-1, 2, 3, 4, 5, 6). All six progenies showed high resistance, the 
percentage of yellows varying from 11 to 18. Retrials of certain of 
the progenies in 1924 and 1925 showed higher percentages of disease, 
indicating that yellows was not generally as severe in 1923 as in 
the two following seasons. In the 1923 trials these progenies showed 
a fairly satisfactory approximation to the type of the late strains of 
Copenhagen Market. They were decidedly later than the early 
strains of the variety and in fact were scarcely earlier than the 
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first-generation progenies of the Globe selections from Glory of 
Enkhuizen tested on the same trial grounds in the same year. There 
was some variation in color, but in the main the plants were more 
bluish green than those of the standard Copenhagen Market. Two 
of the progenies (30-22-4 and 5) averaged somewhat later in ma¬ 
turity than the rest and showed some tendency to produce flattened 
rather than spherical heads and were therefore discarded. From 
the remaining four progenies about 100 of the best plants were 
saved for greenhouse seed production during the winter of 1923-24. 

Table 2. —Behavior of first , second, and third generation progenies of Marion 
Market selection from Copenhagen Market variety of cabbage on yellows-infested 
soil 


Ooncra- 

tion 

l 

i 


1923 trials 

1924 trials 1 

1925 trials 

1926 trials 

Parent strain 

Fiogeny 
number a 

Total number of 
plants 

Yellows (per cent) 

Total number of 
plants 

Yellows, dead or 
severe (per cent) 

Yellows, slight or 
recovered (per cent; 

Total number of 
plants 

Yellows, dead or 
severe (per cent) 

Yellows, slight or 
recovered (per cent) 

Total number of 
plants 

Yellows, dead or 
severe (per cent) 

Yellows, slight or 
recovered (per cent) 



f30—1__. 

250 

6 14 

22 

„ 

5 








[Commercial 

30-2. 

249 

b 16 

68 

19 

0 

97 

25 

0 




First_ 

30-3_ 

253 

b 10 










\ Copenhagen 

30-4. 

248 

b 18 


i 








[ Market. 

30-5_ 

254 

14 





.... 






30-6_ 

133 

14 


, 



— 






I30-12s_ 



25 

0 

b 0 









30-12X14B-. 1 


6 *? 

0 

o 

50 

0 

6 


. 




30-13S_ _ 





50 

0 

b o 






30-13X15B-. 






47 

0 

4 






30-14s... 



34 

12 


50 

22 

0 






3G-14X12B--. 



29 

17 

0 

212 

25 

3 




Second.. 

30-1,2,3,4... 

30-14X17B_ 






79 

29 

3 



_ 


30-15s. 






50 

IS 

8 

_ 





30-15X13B-. 






50 

24 

4 






30-lCsJ_ 






50 

0 

0 






30-16X1SB-. 






25 

0 

0 






3Q-17S-. 






75 

24 

0 






30-17X14B_ 






34 

24 

0 

"" 




(30-12S. 

30-25-A. 









84 

0 

0 



[30-30S.. 






26 

0 

0 






30-31s.. 






53 

4 






30-14s. 

<30-32s. 






5ft 

18 

2 






30-33S_ 


. 

, 


22 

32 

6 






30-35S. 



! 


25 

24 

4 






(30-36S. 



i 





51 

0 

0 

Third. .. 


30-37s.._. 



! 




49 

0 

0 



30-38S. 



1 





114 

25 

c 



30-38X37_ 









36 

C 

0 


30-13s. 

<30-40s. 








1 . 

29 

0 

0 



30-41S. 








i 

133 

26 

2 



30-40X4JB_ 








139 

0 

0 



30-41X40B_ 







_ 1 _ 

150 

25 




.3Q-53S. 






r~" 



48 

0 

0 

Commer¬ 



251 

73 

48 

60 

19 

214 

53 

30 

240 

61 

27 

cial. 














Wiscon¬ 



258 

1 

55 

0 

2 

GO 

0 

4 

23 

0 

0 

sin, all 














seasons 















a The suffix s indicates that the progeny is the result of self-pollination of a given plant. When a progeny 
5s the result of a cross between two plants, e. g., 38X37, the number of the pistillate parent is given first. In 
some cases the blossom of the pistillate parent was not emasculated, but a brush was worked back and forth 
between blossoms of paired plants, and such progenies are therefore a mixture of plants resulting from selftng 
of the pistillate patent and from crossing with another stami nate parent. Such a progeny is designated by 
the suffix B, e. g, 13X15B. Progenies 30-1 to 30-6 are ft om plants 1 to G which were allowed to cross-pollinate. 
» Further selections were made at the end of the season. 
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SECOND-GENERATION SELECTIONS 

The mortality in the greenhouse planting was very heavy, and 
only six plants produced seed. Each of the plants produced some 
seed from self-pollinated blossoms. Certain crosses were made by 
working a single brush over groups of blossoms on paired plants. 
Such combinations are designated as 30-12 X14B, etc., the number 
of the pistillate parent being given first in each case and the suffix B 
being added to distinguish them from crosses in which the flowers of 
the pistillate plants were emasculated before pollination. The 
seed produced in such crosses was therefore partly from self- 
pollination and partly from cross-pollination. 

Four of the progenies were tested in 1924, and all but 30-12s were 
tested in 1925. Three of the selfed lots showed complete resistance, 
while the other three were clearly heterozygous for resistance. There 
was also marked segregation in type characters. Progeny 30-12s 
was planted so late in 1924 that the plants did not mature heads and 
therefore could not be judged critically for type. There was not 
sufficient seed for a second trial in 1925, but several plants from the 
1924 plantings were saved and grown in an isolated spot in 1925, 
where they were allowed to become cross-pollinated. Progeny 
30-13s, in addition to being completely resistant, was quite uniform 
in other characters. The color was distinct from that of the majority 
of the other lots in being yellowish green, approaching that of the 
standard early Copenhagen Market. The time of maturity appeared 
to be slightly earlier than the average of the sister progenies and 
apparently a few days earlier than the Globe line, though it was 
distinctly later than the earliest strains of Copenhagen Market. 
The plants were larger and somewhat leafier than the last-named 
variety, but the heads were typical. (Fig. 4, C, D.) This appeared 
to be by far the best progeny wffien resistance and type were both 
considered. Several third-generation selections were made from it. 
A trial b row of 30-13 X 15B alongside nonresistant Golden Acre is 
shown in Figure 3, B. Lot 30-14s showed extreme deviation. The 
color of the foliage was distinctly more bluish than is the rule, while 
the heads assumed a distinctly oblong shape. (Fig. 5, D, E, F.) 
The 1924 trial was planted too late to judge for type, but several 
plants were saved and seed produced from five in the winter of 1924- 
25. Progeny 30-15s approached 30-13s, but was not highly resist¬ 
ant and not as uniform in type. Lots 30-16s and 30-17s approached 
30-14s as to type characters. 

THIRD-GENERATION SELECTIONS 

Of the three progenies selected for continuation, 30-13s gave most 
promise both for type and resistance. Progenies 30-12s and 30-14s 
were planted too late in 1924 to judge for type, but retrial of 30-14s 
in 1925 showed it to possess certain undesirable qualities. Strain 
30-25-A, resulting from 30-12s plants, proved to be highly resistant 
(Table 2), but since the heads were decidedly flattened it was not 
carried farther. The progenies from 30-14s (30-30 to 35) showed 
that in all but one there was, as in the parent progeny, a distinct 
tendency to produce oblong heads, while segregation was also apparent 
in color of foliage and in resistance. They were not continued. 
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Fig. 5 .—Examples of atypical plants which predominated in certain progenies and necessitated dis¬ 
posal of the latter in spite of high resistance. A, All Head Early plant showing long petioles. 
(Compart with fig. 4, E.) B, pointed head which predominated in a homozygous resistant line 
selected from All Head Early. (Compare with fig. 4, F.) C, misshapen head common to many 
progenies from All Head Early. (Compare with fig. 4, E.) 3D, E, F, three views of dongated 
head type prevalent in several progenies selected from Copenhagen Market. Note the exces¬ 
sively long core in a head of this type. (Compare with the more desirable type preserved in 
Marion 3\larket, fig. 4, C, 3D) 

74116—27-3 
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The third-generation progenies derived from 30-13s all showed 
characters of the parent strains in remarkable uniformity. The 
yellowish green foliage was prevalent, and the nearly spherical 
head which flattened very slightly on top with maturity was predom¬ 
inant. Two of the six progenies (30-38s and 30-41 s) segregated at 
the ratio of 3 resistant to 1 susceptible. It is possible that this 
was the result of pollen contamination of parent plant 30-13, the 
selfed branches of which were not bagged during the entire period of 
blossoming. Lots 30~36s and 30-37s w T ere preserved for further seed 
production. 

It is evident from this analysis that the first-generation selections 
were much improved in degree of resistance. Possibly the crossing 
of the plants through open-pollination tended to obscure the heter¬ 
ozygous condition as to other characters. The production of selfed 
progenies in the second generation resulted in a marked segregation 
both as to resistance and type. By selling for one more generations 
it was possible to approach or attain homozygosity for resistance 
along with greater uniformity of other characters than prevailed in 
the original stocks. This was particularly true of progenies derived 
from 30-13s. 


TYPE AND MULTIPLICATION OF MARION MARKET 

Further multiplication of this variety (Marion Market) is to be 
based upon progenies 30-36s and 30-37s. Plants from these two 
lots will be used to produce stock seed which may serve as a basis 
for increase crops. In the meantime preliminary trials on a com¬ 
mercial scale are made possible by seed procured in 1924 from surplus 
heads selected from progenies 30-1 to 4. Part of this was planted 
in the trial plots in 1925. Though not as uniform in type as 30-36s 
or 30-37s, it w~as quite as good as the parent variety and showed 
82 per cent healthy plants and only 14 per cent severely diseased. 
The remainder of the seed was placed in the Puget Sound seed¬ 
growing region in Washington State in 1925 by the National Kraut 
Packers’ Association, and a crop of seed was obtained therefrom 
in 1926. 

The Marion Market variety as represented by progenies 30-36s 
and 30-37s is a mid-season variety maturing at the same time as or 
*only a few days earlier than the Globe. (See fig. 4, C, D.) The 
foliage is yellowish green with comparatively little bloom and is 
very similar in these respects to most strains of Copenhagen Market. 
The head is spherical or slightly flattened on the top. The stem is 
medium in length, and the core extends to about the center of the 
head. The leaves of the head, as in Globe, are unevenly crumpled 
and not smooth and tightly overlapping. 

DEVELOPMENT OP THE RESISTANT VARIETY ALL HEAD SELECT 
FROM ALL HEAD EARLY 

FIRST AND SECOND GENERATION SELECTIONS 

Initial selections were made in 1920 from the surviving plants of 
Ail Head Early planted in the trial plot of infested soil. The seed 
plants were allowed to cross-pollinate in 1921, and in 1922 head-to- 
row tests were made from five individuals (40-21-1 to 5). None of 
these showed any marked improvement in resistance over the com- 
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mercial variety. . (Table 3.) One lot (40-21-5) was made the basis 
of further selection because it contained the largest percentage of 
plants of desirable type. These second-generation heads were 
grown for seed in the greenhouse; where the plants were selfed and 
certain crosses made. 

Table 3 . —Behavior of first and second generation selections from All Head Early 
variety of cabbage on yellows-infested soil 


First-generation selections, trial in 1922 


Second-generation selections, trial in 1923 


Progeny No.® 

Total 
number 
of plants 

Yellows 

(per 

cent) 

Progeny No.* 

Total I 
number 
of plants S 

Yellows 

(per 

cent) 




r40-ls.. 

85 i 70 




40-1X6. 

65 | 

0 

40-21-1 

157 


40-1X7. 

51 , 

15 

40-21-2 

AQ 

40-4s.... 

20 

*10 

40-21-3 

A6L 

O/IK 

oy 

AA 

40-4X6. 

18 ! 

'0 

40-21-4 

AW 

DO 

A! 

40-4X7. 

31 i 

i *18 

40-21-5 

ZOO 

OCR 

0*± 

40-6X7. 

14 

«0 


ADO 

c / X 

40-7s... 

53 

*20 


| 


40-7X3. 

25 

15 




40-7X6. 

39 

*0 

Commercial All Head... 

105 1 

77 1 


213 

90 

Wisconsin All Seasons. 

364 

S i 


25S 

1 



i 





* The parent plants of these progenies were allowed to cross-pollinate. 
6 See Table 2 for explanation of progeny numbers. 

* Further selections continued. 


The second-generation progenies (Table 3) showed much improve¬ 
ment in resistance; 40-4s and 40-7s appeared to segregate roughly 
at the ratio of 3 resistant to 1 susceptible, indicating that the plants 
were heterozygous for resistance. Wherever plant 40-6 entered into 
crosses the progeny was completely resistant, indicating that it was 
homozygous for resistance. Unfortunately, no selfed progency from 
this plant was obtained. Segregation for type characters was also 
evident. Lots 40-4s and 40-4 X 6 were of the most satisfactory type. 
Progeny 40-7s and crosses in which 40-7 was one of the parents were 
not true as to color and showed a tendency to produce misshapen 
heads. Further selection from several progenies was continued, as 
indicated in Table 3. 


THIRD-GENERATION SELECTIONS 

The results of trials of the third-generation progenies on infested 
soil in 1924 and 1925 are given in Table 4. A perusal of these data 
shows that several progenies were obtained which appeared to be 
highly resistant to yellows. Thus lots 40~93s, 40-120s, 40-130s, and 
crosses in which 40-130 served as one parent, 40-137s, 40-199s, and 
most of the crosses in which 40-80 entered as a parent, showed very 
few diseased plants. Most of them, however, showed one or more 
undesirable qualities, such as off color, too long petioles, misshapen 
heads, or late maturity. Some of these undesirable characters are 
illustrated in Figure 5. Certain other progenies, not so highly re¬ 
sistant, were much superior in type, of which the most promising were 
40-76s, 40-9Is, 40-91X 93, and 40-96s. 
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Table 4. —Behavior of third-generation selections from All Head Early variety of 
cabbage on yellows-infested soil 


Parent strain 

Progeny No.« 

1924 trials 

1925 trials 

Total 
number 
of plants 

Yellows, 
dead or 
severe 
(per cent) 

Yellows, 
slight 
or re¬ 
covered 
(per cent) 

Total 
number 
of plants 

Yellows, 
dead or 
severe 
(per cent) 

Yellows, 
sbgbt 
or re¬ 
covered 
(per cent) 


f40-75s. 

29 

17 

27 





40-76S. 

8 

0 

&12 





40-80X76. 

9 

0 

0 




40-4S. 

{40-80X79. 

15 

0 

0 





40-80X81. 

29 

0 

0 





40-80X82. 

51 

0 

2 

23 

6 

6 


,40-82X80. 

41 

2 

12 

47 

0 

0 


I40-90S. 

14 

14 

29 




40-4X6. 

]40-91s. 

45 

7 

b 9 





]40-91X93. 

74 

4 

Ml 

50 

0 

6 


140-93S. 

19 

21 

0 




4.0-4 V 7 

f40-9es. 

24 

13 

* 17 





\40-97s. 

19 

0 

11 





f40-112s. 

16 

6 

25 




40-6X7. 

J40-114S. 

14 

0 

7 





J40-U5S. 

13 

0 

' 38 




140-120S. 

11 

0 

i 0 





[40-131S. 

62 

19 

, 55 

51 

14 

17 

4Q~7s.. 

{40-137s . 

1 82 

0 

b 0 

50 

o 



140-130s. 

31 

3 

1 u 
o 




f40-130X75. 

61 

0 

0 




40-7s and40-4s.. 

{40-130X79. 

28 

o 1 

0 


. 



140-130X82. 

36 

0 1 

0 





f40—199s. 

36 

! 

o 

11 

49 

. 

0 

0 

40-7X6. 

{40-207S. 

18 

19 

19 





[40-212S. 

! 32 

0 i 

19 




Commercial All Head 

i 

i 

! i 

! 

1 




Eaily.... 


23 

95 

0 

i 112 

54 

46 

Wisconsin All Seasons-..- 


i 55 

0 

1 

2 

1 

1 50 

0 

4 


« See Table 2 for explanation of progeny numbers. & Further selections continued. 


Inasmuch as the aim in this improvement work was to procure 
strains acceptable as to type as well as resistance, it was not con¬ 
sidered advisable to continue those progenies which showed dis¬ 
tinctly undesirable qualities even though they were highly resistant. 
All of these except 40-137s are therefore dropped from further con¬ 
sideration in this discussion, even though certain of them were 
continued for other purposes. Progeny 40~137s, though slightly off 
in certain respects, was continued. The major emphasis was turned 
to further selection from the somewhat less resistant lots 40~76s, 
40-91s, 40-91X 93, and 4G-96s. From these, fourth-generation trials 
were made in 1925 and 1926. 

FOURTH AND FIFTH GENERATION SELECTIONS 

Most of the fourth-generation selections were grown to seed in 
^ gre^°iise in the winter of 1924 ~25 and the first trials made in 
1925. borne additional selections from 40-91X 93 were made in the 
summer of 1925, and the new progenies thus obtained were not 
tested unth 1926. A summary of the results of these trials is given 
m I able 5. It will be seen that the lots derived from 40-137s con¬ 
tinued to fall m the highly resistant class, They were not improved 



























































Nov. 1,1927 Development of Cabbage Resistant to Yellows 


805 


in type, however, over the parent progeny. Of those derived from 
the less resistant lots J40-76s, 40-91s, 40-91X93, and 40-96s), 
some were no more resistant than the parent stocks, while others 
showed little or no disease. In general, the better qualities of the 
parent strains were preserved. In 1925 further selections were made 
from 40-303X353, and 40-326s. The trials of the resulting proge¬ 
nies are given in the same table. While they were not all free from 
disease, all but 40-512s and 40-538s showed only slight traces of 
yellows. 

At the end of the 1926 season a number of families were on hand 
which were highly resistant to yellows and at the same time con¬ 
formed very uniformly to the desired type. The best strains were 
those which were derived originally from" 40-4 X 6 (Table 3) and then 
from 40-91X93. (Table 4.) Certain of these were of the fourth 
generation and others of the fifth generation. As they had been sub¬ 
jected to inbreeding for these several generations, the expected re¬ 
duction in vigor was evident. Further pure-line selection might bring 
further reduction and thus offset the gain acquired by improved 
uniformity in type and resistance. At the end of the 1926 season, 
therefore, four progenies were selected for their combination of good 
type with resistance. There were two fourth-generation selections 
(40-406s and 40-406X407) and two fifth-generation selections 
(40-508X512 and 40-511X510). A portion of each of these is be¬ 
ing grown in mixed plantation in 1927 to produce stock seed for 
multiplication. 

It is hoped that this combination, even of closely related progenies, 
will result in restoring any loss of vigor which became apparent in 
the fourth and fifth generations as a result of selfrng. As a safeguard 
against the possibility that such a combination of strains will not 
sufficiently restore loss of vigor, a portion of the heads will be planted 
with heads selected from 4G-535s. The latter is derived by a line of 
selection distinct from that of the others. It is highly resistant 
and not greatly removed from the other strain in type. 

TYPE AND MULTIPLICATION OF ALL HEAD SELECT 

As already pointed out, the four best strains from the 1926 trials 
are to be combined to produce stock seed in 1927. This seed will 
serve as a basis for multiplication. In the meantime the urgent 
demands for seed of a resistant strain of this type Justified steps to 
multiply some of the less completely finished progenies. Accordingly, 
about 100 heads were selected from the trials of 1923 (Table 3), and 
from them a quantity of stock seed was grown in 1924. When tested 
in 1925 it proved to be highly resistant and fairly uniform in type. 
Most of this lot was placed for seed growing in the. Puget Sound 
region in 1925 by the National Kraut Packers' Association, and a crop 
of seed was obtained in 1926. Similarly, the best heads not taken for 
special purposes from the 1924 trials (Table 4) were grown for stock 
seed in 1925 and a second multiplication crop started in 1926. These 
advance strains of the variety All Head Select will be available for 
general use until the improved selections of 1926 can be multiplied. 

The type of All Head Select as represented in strains 40-406s, 
406x407, 508X512, and 511X510 is very similar to that of 40- 
91X93 shown in Figure 4, E, F. The strain is very similar to the 
original All Head Early. The stem is short, the head fairly flat, and 
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the color of foliage intermediate between the yellowish green of 
Copenhagen Market and the bluish green of Glory of Enkhuizen. 
The outer leaves at maturity are comparatively few and the petioles 
very short, giving a compact plant with a fairly prominent head. It 
matures about the same time as the parent variety and close to 
Globe and Marion Market. It is two weeks or more ahead of Wis¬ 
consin All Seasons or Wisconsin Brunswick and thus supplements 
the last two varieties in season. 


Table 5. —Behavior of fourth and fifth generation selections from All Head Early 
variety of cabbage on yellows-infested soil 


Generation 

Parent strain 

Progeny No.« 

1925 trials 

1926 trials 

First planting 

j Second planting 

Total number of 
plants 

Yellows, dead 
or severe (per 
cent) 

Yellows, slight 
or recovered 
(per cent) 

Total number of 
plants 

Yellows, dead 
or severe (per 
cent) 

Yellows, slight 
or recovered 
(per cent) 

Total number of 
plants 

Yellows, dead 
or severe (per 
cent) 

Yellows, slight 
or recovered 
(per cent) 



f40-3G2s. 

24 

0 

25 



.1 





40-302X306 .. 

24 

8 

4 








40-302X307. . 

26 

0 

20 







! 

40-303S. 

16 

0 

*0 








40-76S. 

40-303X353_ 

15 

0 

b 7 









40-303X304... 

12 

0 

0 









40-303X310. - 

25 

0 

0 









40-304 X310_ 

25 

12 

0 









.40-305S. 

28 


11 









f40-308s. 

50 

0 

4 








40-91s. 

40-309S_ 

25 

0 

4 








u 

X 

i 

27 

4 

11 









[40-310S. 

25 

0 

8 









40-325S. 


0 

20 

36 

6 

3 






40-325 X326B.. 







25 

0 

0 



40-326S_ 

15 

0 

6 0 

18 

6 

6 






40-326 X329B.- 




40 

0 

3 






40-329S.. 

21 

6 

10 







i ourtn_ 


40-329 X32GB.. 

25 

0 

16 









4O-402S_ 




20 

6 

6 





40-91X93_ 

140-4Q3S.i_ 




0 

o 





I4G-405S_i _ . 



33 

0 

6 

26 

4 

0 



40-406S. 




17 

0 

0 

*>4 

0 

0 



40-406X407_ 




64 

0 

9 

25 

0 

0 



40-407S. 




34 

0 

0 




4Q-409S. 




20 

0 

20 






40-410S. 




19 

0 

0 

25 

o 

16 



40-410X411.... 




32 

0 

6 




40-41Is. 







o 

" " 0 



/40-334S. 

30 

0 

0 









\40-335s. 

27 

0 

0 









f40-353s. 

24 

o 1 

4 









40-354S. 

33 

0 1 

3 








40-137S. 

^40-355s........ 

34 

3 I 

0 









40-421S. 


_ 





23 ~ 

o 

0 



40-426S. 


.i. 




25 

o 

o 



(40-508X512_ 



16 

o 

0 

54 

o 




] 40-51Is. 



9 

0 

11 




W-o-sra,.-.,_ 

140-511X510-..- 


.!. 

48 

o 

0 

"8T 

0 

o 

Fifth. 


[40-512S. 



15 

7 

7 



1 40-303X353.. 

/40-535S. 

\40-538s. 

.... 

.. .1 




23 

21 

0 

5 

0 

o 

Commercial . 



215 

51 

34 

51 

61 

14 ! 

240 

el 

97 

Wisconsin All Seasons. 



100 

0 

6 ! 

74 

0 

5 

23 

QJ. 

0 

JJ { 

0 


a See Table 2 for explanation of progeny numbers. ft Further selections continued. 
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DISCUSSION 

The results of several seasons’ experimentation support the earlier 
supposition that there exists in most if not all varieties of cabbage 
some degree of natural resistance to the Fusarium disease, and that 
by selection of individuals which survive upon infested soil, resistant 
strains may be readily developed. Results with the development of 
the three pew mid-season varieties emphasize the necessity of pure- 
line selection, and it is only by such methods that one may hope to 
fix resistance in a given strain. It appears that resistance as expressed 
under field conditions in southern Wisconsin is governed by a single 
dominant factor, and thus homozygous lines may be expected with 
two or three generations’ selections. 

The danger of digression in type during the progress of selection 
for resistance is equally evident. There is little to support the 
theory that resistance is linked with important type characters. On 
the other hand, most commercial cabbage varieties are more or less 
heterozygous for various characters, and segregation is commonly 
found when pure-line selections for resistance is started. This may 
appear disadvantageous, but it likewise may be beneficial, inasmuch 
as it offers the opportunity to reject undesirable qualities which 
might otherwise be masked because of their recessive nature. The 
results show that if one so desires he may by this means improve the 
uniformity in type of a given strain at the same time that he is 
selecting for resistance. It is certain that selection for resistance 
alone may defeat its own end by so changing the type through indis¬ 
criminate perpetuation of undesirable individuals as to reduce the 
commercial value of the resulting strain. The danger of reduction 
in vigor from repeated selling imposes a limitation to indefinite 
perpetuation of selfed lines. It may be advantageous in some cases, 
as has been suggested with All Head Select, to carry parallel but 
distinct selfed lines which may be intercrossed eventually when each 
has reached a desirable degree of uniformity. 

The three mid-season varieties All Head Select, Marion Market, 
and Globe have been advanced to a high degree of resistance and of 
uniformity of type. They appear to be nearly if not completely 
homozygous for resistance under the average field environment in 
which they were selected. It has been shown by Tisdale (7) that 
the resistance of Wisconsin Hollander may be broken down when 
plants are grown at high constant soil temperatures under green¬ 
house conditions, and similar results were attained when seed was 
sown in a naturally infested field during midsummer. In certain 
commercial cabbage sections the plants are probably exposed to a 
higher temperature at an earlier stage in their development than in 
southern Wisconsin. The period of exposure to favorable conditions 
for the disease may therefore be longer and the extreme temperatures 
may be higher. Just how much these varied environments will 
inhibit the commercial value of these new varieties remains to be 
determined through repeated testing by those who may be interested 
in their use. Variation in the causal organism, especially with 
respect to its selective pathogenicity, must also be looked upon as a 
possible factor influencing their behavior in different localities. 

Confidence in the usefulness of these new varieties in latitudes 
south of Wisconsin is based upon field trials carried on in cooperation 
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with pathologists of other States. These have included critical tests 
adjacent to susceptible commercial strains on yellows-infested soil in 
northern and central Indiana, northern Ohio, Maryland, southwestern 
Virginia, western Tennessee, southeastern Iowa, and northeastern 
Kansas. In all cases these trials followed the period and methods 
used for the commercial crop in each locality. With the exception 
of the Muscatine, Iowa, trials of 1926, where the incidence of yellows 
was somewhat higher than in the Kenosha plot, 6 the three varieties 
stood up as well in other localities as they did in southeastern Wis¬ 
consin. It is believed, therefore, that they will usually prove satis¬ 
factory for commercial use on infested soil. 

SUMMARY 

The main purpose of the present paper is to report the essential 
details which concern the development of three new Fusarium- 
resistant varieties of cabbage, all of which are classified in the mid¬ 
season group. 

The methods of selection, hybridization, and field testing are 
described. 

The Globe variety is a selection from Glory of Enkhuizen, a com¬ 
mercial variety of the round-head type. After three generations’ 
selection, progenies were obtained which resemble the parent variety 
in its main features and were perfectly free from signs of yellows in 
the 1926 trials. 

In like manner the Marion Market was brought to the same degree 
of resistance from original selections out of Copenhagen Market, # a 
commercial variety of the round-head type. The type, though dis¬ 
tinct from some of the early-maturing strains of the parent variety, 
is well suited for use as a mid-season type. 

AH Head Select was selected from the flathead commercial variety 
All Head Early. This strain has given the greatest difficulty in 
securing the combination of desirable type and resistance. Certain 
fourth and fifth generation progenies are satisfactory and are to be 
multiplied. 

In all three varieties the trials of 1926 offered the most advanced 
and satisfactory selections. These will be multiplied for commercial 
use. In the meantime certain less-advanced progenies of each 
variety have been multiplied by the National Kraut Packers’ Asso¬ 
ciation and are now available for general use. 
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BACTERIAL STRIPE BLIGHT OF OATS 1 


By Charlotte Elliott 

Associate Pathologist, Pathological Laboratory and Office of Cereal Crops and 

Diseases , Bureau of Plant Industry , United States Department of Agriculture 2 

INTRODUCTION 

In the issue of Phytopathology for September, 1918, 3 a “stripe 
blight” of pats was mentioned by the writer as occurring in Wiscon¬ 
sin and adjoining States. The signs of the disease were described as 
distinctly different from those of halo blight of oats 4 but the causal 
organism was not named or described. Since that time specimens 
of this leaf disease have been sent in from various parts of the United 
States, and the causal organism has been studied in its relation to 
Bacterium coronafaciens Elliott and to the ability of the two organisms 
to infect various varieties of oats and other Gramineae. 

SIGNS OF THE DISEASE 

The lesions first appear as sunken, water-soaked dots, which, when 
very numerous, cause the collapse of the leaf tissue, or, when coales¬ 
cing, form long water-soaked stripes (fig. 1) or blotches which may 
show narrow yellowish margins. Under moist conditions, especially 
early in the morning, bacterial exudate stands out in drops along 
the lesions. This exudate dries down to thin white scales, and the 
lesions as they become older turn a rusty translucent brown. The 
streaks vary in length from a fraction of an inch to several inches 
or may extend the length of the leaf blade and down to the sheath. 
Halolike borders do not develop about these lesions. 

Lesions may occur on plants in all stages of development from 
seedlings to mature plants. While the lesions are found chiefly on 
the leaves, occasionally they occur on sheaths, culms, pedicels, and 
glumes. Sometimes the entire top of a plant is killed by the water- 
soaked lesions which spread over the culm and the sheath, inclosing 
the panicle. The long, water-soaked, sfcripelike lesions, the absence 
of a halo, and the presence of exudate serve to distinguish stripe 
blight from halo blight of oats. (Fig. 2.) 

GEOGRAPHICAL DISTRIBUTION 

Stripe-blight lesions were first observed and infected leaves were 
collected by A. G. Johnson at Urbana, Ill., and Wooster, Ohio, 
during the season of 1917. From that year to the spring of 1926, 


1 Received for publication June 16,1927; issued December, 1927. 

2 The writer is indebted to A. G. Johnson, of the Office of Cereal Crops and Diseases, for collecting 
diseased plants and for helpful suggestions. 

3 Elliott, C, bacterial oat blight. Phytopathology 8: 489-490. 1918. 

* Elliott, C. halo blight of oats. Jour. Agr. Research 19: 139-172, illus. 1920. 
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Fig. 1.—Stripe-blight lesions and exudate (X) from natural infections on leaves of Wisconsin No, 
146 oat (Avena oyzmtina C, Koch) collected at Madison, Wis., June 13,1918. X 2 • 
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Fig. 2.—Halo-blight lesions (A) and stripe-blight lesions (B) from artificial inoculations with 
Bacterium coronafaekns (isolation No. 74) ana with Bad. striafaciens (isolation No. 10), respec¬ 
tively, on leaves of Wisconsin Pedigree No. 14 oat (Avena sativa). Photographed October 11, 
1924. Natural size 
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oat leaves containing lesions of stripe blight have been collected in 
different parts of the country, in almost every year, and on plants 
from the seedling stage to those nearing maturity. Table 1 shows 
the localities from which specimens have been received and the 
varieties infected. 

Table 1. —Collections of stripe blight of oats, showing oat varieties, dates and 
localities of collection, and names of collectors 


Variety 

Date 

Locality 

Collector 

Swedish Select... 

June 20,1917 
June 21,1917 

Urbana, Ill. 

A. G, Johnson. 

Not known__ 

La Fayette, Ind. 

Do. 

Wideawake.. 

June 23; 1917 
July 14,1917 
June 10,1918 

Wooster, Ohio. 

Do. 

Not known_ 

Custer, S. Dak. 

C. W. Hungerford. 

Charlotte Elliott. 

Wisconsin No. 146 (Avena 

Hill farm, Madison, Wis..._ 

byzantina). 



Not known. 

June 15,1918 

College Hill, Madison, Wis.. 

Do. 

Wisconsin No. 146 (Avena 
byzantina). 

_do. 

.do. 

Do. 



Not known.. 

June 25,1918 

Wooster, Ohio. 

A. D. Selby. 

Wisconsin Pedigree No. 14... 

July 17,1918 

Madison, Wis. 

Charlotte Elliott. 

Not known_ 

Mar. 29,1919 
Apr. 2,1919 
June 7,1920 

Davis, Calif_ 

A. G. Johnson. 

Do .. 

.do... 

Do. 

Red Rustproof (A vena 

Granite City, HI. 

A. G. Johnson, H. B 

byzantina). 

Not known_ 

.do 

Madison, Wis... 

Humphrey, and H. H 
McKinney. 

Charlotte Elliott. 

Wisconsin No. 103__ 

June 9,1920 
June 2S, 1920 

_do...'.... 

Do. 

Not known.. 

Hill farm, Madison, Wis_ 

Do. 

Sixtv-Day.. 

May 26,1921 
June 18,1924 

Mandan, N. Dak_ 

A. G. Johnson. 

Big Fourand Silvermine_ 

La Fayette, Ind. 

A. G. Johnson and E. B, 

Silvermine.... 

June 21,1924 

.do. 

De Kalb, Ill. 

Mains. 

C. S. Reddy and A. G. 
Johnson, 
i A. G. Johnson. 

Not known_ 

Chenoa, Ill__ 

Do. 

.do. 

Bloomington, Ill.. 

C. S. Reddy and A. G. 

Johnson. 

A. G. Johnson. 

Do.... 

June 22,1924 
June 23,1924 
June 26,1924 

Oregon, Wis... 

Do... 

Madison, Wis. 

Do. 

C. 1.620 (unnamed)..... 

University farm, St. Paul, 

J. J. Christensen and A. G. 

Black Tartarian_ 

.do. 

Minn. 

St. Paul, Minn.. 

Johnson. 

A. G. Johnson and O, S. 

Guyra.... 

Apr. 30,1925 
May 1,1925 
_do.. 

Davis, Calif... 

Aamodt. 

A. G. Johnson. 

White Ligowa_ 


Do. 

Red Rustproof [Texas Red, 
Calif. No. 1003 (Arena 
byzantina)]. 


Do. 



Garton Yellow, C. I. No. i 

May 9,1925 

Corvallis, Oreg. 

Do. 

1612. j 


Belyak, C. I. No. 1899.. 

.do. 

.do. 

Do. 

Markton, C. I. No. 2053. ! 

_do. 

.do.i 

Do. 

Black Mesdag, C. I. No. 1877. J 

May 12,1925 

Pullman, Wash.. 

E. F. Gaines and A. G. 


Apr. 20,1926 

Davis, Calif._ 

Johnson. 

W. W. Mackie. 

Not known . j 



THE CAUSAL ORGANISM 

ISOLATIONS 

From stripe-blight lesions, collected on several oat varieties from 
different parts of the country, more than 40 isolations have been 
made. The organism is not sensitive to sterilization. The leaf 
tissue may be dipped in 95 per cent alcohol, put into mercuric chloride 
solution (1:1,000) for two minutes, washed, and then crushed in 
broth, from which the plates are poured. While yellow colonies 
were observed on some of the plates, the characteristic white colonies 
were much more numerous and often appeared in pure culture. 
In many cases plates were poured from halo and stripe lesions at the 
same time. The white colonies developing from both types of 
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lesions were always so nearly alike that they could not be dis¬ 
tinguished. Colonies begin to appear on the plates after about 48 
hours. They are raised, white, smooth, shining, and round or with 
slightly undulate thin margins. (Fig. 3, D.) The narrow radiate 
border shown in Figure 3, C, is characteristic, especially of isolation 
No. 66b. There also are more or less well-developed internal fish- 
scale markings similar to those of halo-blight colonies. 

INOCULATIONS 

Inoculations were made by spraying oat plants with water sus¬ 
pensions of the organisms from young agar slants. The plants were 
then kept in damp chambers for about 48 hours. Controls were 
sprayed with sterile water and kept under similar conditions. Halo- 
blight organisms were used for comparison in the same inoculation 
experiments with the stripe-blight organisms, and they always 
produced abundant typical halo lesions. Infections with both 
organisms began to appear in from three to five days. The lesions of 
stripe blight first appeared as water-soaked dots, 1 millimeter in 
diameter, which turned brown with translucent centers and some¬ 
times had narrow yellow margins. These centers of infection increase 
until they are 1 to 2.5 centimeters in length, or they sometimes may 
extend one-half to three-fourths the length of the leaf. The long 
narrow lesions are brown and water-soaked, with narrow yellow- 
brown margins. Where lesions are very numerous, the whole leaf 
turns yellow, with points of infection evident, and then collapses. 
Small dried scales of exudate are apparent at points of infection. 

Thirty-five inoculations with the stripe organism were made in the 
greenhouse and 16 in the field. Of the 35 greenhouse inoculations 
5 produced no lesions, owing to unfavorable conditions of temperature 
and moisture or to resistant varieties of oats. Of the 30 successful 
inoculations, 8 produced only scattered but typical lesions and the 
remainder moderate to heavy infection. 

The lesions produced by these inoculations always were typical of 
stripe-blight lesions. (Fig. 2, B.) No halo-blight lesions ever 
developed from inoculations with the stripe-blight organism, although 
typical halo-blight lesions were produced on the same varieties 
inoculated at the same time with the halo-blight organism. (Fig. 
2, A.) In the field it is more difficult to control environmental 
conditions, and so the results of inoculations are less satisfactory. 
Of the 16 field inoculations, 6 were negative and 10 positive, only 2 
of the latter showing heavy infection. 

Table 2 shows the results of one inoculation experiment which was 
made both in the greenhouse and in the field in the spring of 1926. 
Ninety-two varieties and strains, including most of the cultivated 
species and varieties of oats, were sprayed with water suspensions 
of both halo and stripe organisms, to learn whether there would be 
any varietal differences in susceptibility to the two organisms. In 
all varieties the susceptibility to the two organisms was nearly or 
quite the same, so that the organisms could not be separated on this 
basis. Where there were some differences in host reaction in the 
greenhouse, a second set of inoculations was tried, but these only 
confirmed the previous conclusion that each variety reacts in about 
the same way to both organisms. 




Pig. 3.—A, Bacterium stria fattens, 6-day colony of isolation No. 10 on Tbaxter’s potato agar. Photo¬ 
graphed by direct light Oct. 17, 1924. X 5. B, Bad. coronafaciens, 6-day colony on Thaxter’s 
potato agar. Photographed by direct light Oct. 17,1924. X 5. C, Bad. striafaciens , 3-day colony 
of isolation No. 66b on+15 beef-peptone agar. Photographed by transmitted light. X5. D, BacL 
striafaciens, 18-day colony of isolation No. 66b on +15 beef-peptone agar. Photographed 
by transmitted light. X 6. E, Bad. striafaciens from 3-day culture of isolation No. 14, grown 
on beef-peptone agar and stained by Casares-Gil carbol-fuchsin method, showing capsules. 
X 1,700. P and G, Bad. striafaciens from 24-hour culture of isolation No. 66b grown on beef- 
peptone agar and stained by Casares-Gil carbol-fuchsin method, showing flagella. X 1,550 
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Table 2. —Degrees of infection of 92 varieties and strains of oats grown in ike green - 
house and in the field at Arlington Experiment Farm , Rosslyn , t r a. } and inoculated 
with the organisms causing halo blight and stripe blight , respectively , to determine 
any differences in susceptibility to the two organisms 

[Degrees of infection: 0=None, l=slight, 2=moderate, 3=heavy, 4=very heavy] 


Species and variety 

C. I. No. 

Degree of infection 

In greenhouse 

Infield Junes 

Feb. 5 

Feb. 19 



Halo 

blight 

Stripe 

blight 

« 

Halo i Stripe 
blight | blight 

Halo 

blight 

Stripe 

blight 

Avena byzantina: 




, 

! 



Coast black.. 

1025 

0 

0 

2 , 0 



Black Algerian,... 

840-1 

1 

2 


I 

I 

Sterilis Selection (of Etheridge). 

1859-1 

0 

1 

.,. 

1 

1 

Red Rustproof_1... . 

1039 

1 

2 

:::::::: 

0 

1 

Red Rustproof (of Etheridge). 

1860 

1 

0 


0 

0 

Fulghum.’.__. 

708 

0 

0 

0 0 

0 

0 

Burt (of Etheridge). 

1861 

1 

1 

1 

0 

1 

Sunrise (Calif. No. 1012). 

1799 

1 

2 


1 

1 

Culred—..1. 

518-189 

1 

1 

.. 

1 

1 

Avena sativa: 




, 



Boswell____ 

480 

2 

2 


0 

0 

Black Winter.... 

606 

0 

3 

1 i 2 

1 

] 

Hatchett_....._. 

838 

0 

1 


1 

1 

Tech-,,-...... 

905 

2 

2 

.;. 

1 

1 

Winter Turf.__ 

1570 

2 

0 

, 

0 

0 

Custis... . 

2041 

2 

1 

i 

1 

1 

Lee._... 

2042 

2 

1 


1 

1 

Culberson... 

273 

0 

0 

1 0 

0 

0 

Dwarf Culberson,.. 

748 

0 

0 

1 i 0 

1 

1 

Bicknell... 

206-151 

1 

1 


2 

2 

Black Mogul___ 

1074 

2 

4 

i 

1 

1 

Black Belli.... 

1767 

2 

3 

l 

0 

1 

Victor...... 

803 

2 

3 


0 

1 

Black Mesdag__ 

1877 

2 

3 


1 

1 

Monarch___ _ 

1876 

1 

i 


1 

1 

Joanette (of Etheridge)... 

1880 

1 

2 


1 

1 

Early J oanette____ 

1092 

1 

2 

i 

1 

1 

Colburt.... 

2019 

0 

0 

0 I 0 

1 

0 

Black Diamond___ 

1878 

0 

2 

1 

1 

1 

Monarch Selection (of Etheridge). 

1879 I 

1 

2 


2 

2 

Old Island Black... 

1756 

2 

2 

.i. 

1 

1 

Do. 

2035 

2 

1 




North Finnish.. 

1882 

3 

2 


I 

1 

Ruakura_ .. __ 

2025 

1 

0 


1 

1 

Cornellian.,,. 

1242 

1 

0 


0 

0 

White Maine... 

1692 

3 

3 


1 

1 

Richland.... 

787 

3 

3 


2 

2 

Kherson.... 

: 1148 

1 

2 

! 

2 

2 

State Pride. 

1 1154 

3 

3 

i 

1 

0 

Navarro (Ferguson Navarro). 

966 

0 

0 

61 6 

0 

0 

Markton... 

2053 

3 

3 

1 

2 

2 

Madrid....... 

603 

3 

3 


1 

1 

Aurora.. 

831 

0 

0 

o; o 

0 

0 

Golden Drop__ 

1890 

3 

2 

i 

1 

1 

Green Russian_ ___ 

1978 

3 

1 


0 

0 

Iogren___ 

2024 

1 

1 


1 

1 

Japan__ 

1157 

4 

1 

i 

0 

1 

Minota.-... 

1285 

1 

0 

_ i 

1 

1 

Awnless Probsteier___ 

1888 

2 

1 

i 

1 

0 

Probsteier_ 

16*6 

3 

2 

i 

2 

1 

June (of Etheridge)-.,. 

1902 

3 

1 

.i. 

1 

1 

Wernich Golden.. 

1746 

2 

1 

! 

1 

1 

Garton No. 473.. 

1613 

2 

2 

I 

1 

1 

Albion.-. 

729 

3 

2 

.1. 

1 

1 

Cole___ 

834 

3 

3 

1 

1 

0 

Sixty-Day,_____ .. 

1887 

1 

1 


1 

0 

Iowar_ 

847 

3 

1 

.1. 

1 

0 

Early Ohio_ 

1117 

3 

3 


2 

1 

Early Champion... 

1623 

3 

2 

1 

1 

1 

Daubeney,._ 

1621 

1 

1 


1 

1 

Yakutsk_____ 

498 

1 

1 

i 

1 

0 

White Bonanza_ _ __ 

1686 

1 

0 

0 i 0 

1 

1 

Canadian_ 

1625 

1 

1 

1 

0 

0 

Castleton Potato. 

1972 

2 

1 

1 

1 

1 1 


74116—27-4 
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Table 2. —Degrees of infection of 92 varieties and strains of oats grown in the green¬ 
house and in the field at Arlington Experiment Farm, Rosslyn, Va., and inoculated 
with the organisms causing halo blight and stripe blight, respectively, to determine 
any differences in susceptibility to the two organisms —Continued 

[Degrees of infection: O^None, l=shght, 2=moderate, 3=heavy, 4=very heavy] 




Degree of infection 

Species and variety 

C. I. No. 

In greenhouse 

In field June 8 

Feb. 5 

Feb. 19 

Halo 

blight 

Stripe 

blight 

Halo 

blight 

Stripe 

blight 

Halo 

blight 

Stripe 

blight 

Arena sativa—Continued. 








Early Mountain... 

1624 

0 

1 



1 

1 

Tobolsk...... 

1709 

1 

1 



0 

0 

Wisconsin Wonder.... 

1645 

2 

1 



0 

0 

Silvermine Selection (of Etheridge). 

1894 





0 

0 

White Avalanche...1.1. 

1440 

0 

0 



1 

1 

Irish Victor.... 

1896 

2 

1 



1 

1 

0. A. C. No. 72. 

846 

1 

1 



1 

1 

Scottish Chief.. 

1699 

1 

1 



1 

1 

Gothland.... 

1898 

3 

3 



2 

1 

Minnesota No. 295. 

1290 

1 

2 



0 

0 

Danish Island... 

' 1684 

1 

1 



1 

1 

Pringle Progress.. 

i 1717 


1 



1 

1 

Belyak...... 

1 1630 

2 

1 



2 

1 

Swedish Select.... 

! 1375 

0 

0 

1 

. 

1 

0 

0 

Colorado No. 37.. 

1 1640 

1 

0 



0 

1 

Lincoln.___ 

i 1262 

1 

0 



1 

0 

Silvermine-... . 

I 1013 

2 

0 



1 

0 

Come well... 

! 1317 

1 1 



1 

1 

Victory........ 

, 1145 

0 

0 

2 

2 

1 

0 

Tabor..... 

j 1777 

1 

9 



1 

0 

Avena sativa orientals: 

i i 







Storm King.. 

; 1602 

2 

2 



1 

1 

Tartar King.... 

1599 

2 

1 



l 1 

1 

Marvelous—____ 

1999 

0 

2 



1 

2 

Green Mountain..... 

1872 

0 

3 

3 

1 

1 

1 

White Tartar_____ 

1614 

1 

1 



0 

1 

A vena nuda: 








Hoejer (Hull-less)____ 

1003 

0 

0 

0 

0 


0 

Kilby (Hull-less)... 

1995 

1 

0 




0 

Liberty (Hull-less).. 

845 

1 

2 





Fowlds (Hull-less). 

1996 

0 

1 





Hull-less... 

1770 

0 

1 














Inoculations were made on Rromus inermis Leyss, B . carinatus 
Hook and Arn., Agropyron re pens (L.) Beauv., and Ghaetocliloa 
lutescens (Weigel) Stuntz (Setaria glaum of authors). No lesions 
were produced on any of these hosts, although inoculations on oats 
at the same time produced definite stripe-blight and halo-blight 
infections. 

Inoculations with the stripe-blight organism (66b) were made on 
tobacco, cauliflower, cabbage, and broomcorn, but with negative 
results. 

Inoculations with the stripe-blight organism (isolation No. 14) 
and the halo-blight organism (No. 75) were made on Arena strigosa 
Schreb. and Markton oats and also on unidentified varieties of wheat, 
rye, and barley in the greenhouse. Barley and oats showed slight 
infection with the stripe-blight organism and oats and rye with 
Bacterium coronafaciens. 
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COMPARISON WITH OTHER ORGANISMS 

H. R. Rosen in 1919 s and 1922 6 described a bacterial disease of 
foxtail ( Chaetochloa lutescens), the causal organism of which he said 
was infectious to many Gramineae, including oats, on which the 
lesions were not unlike those produced by Bacterium coronafaciens. 
The spots on oats, he says, may vary from indefinite light-yellow areas 
to withered grayish green with marked tinges of red when the infected 
areas coalesce. Ordinarily there is no exudate. Infections by Bad. 
coronafaciens on oats show no exudate, but are definite oval yellow 
halos about sunken tissue at the points of infection. The lesions 
produced on oats by the foxtail organism are evidently quite different 
from the water-soaked dots and translucent brown streaks of the 
stripe organism. The occurrence of abundant exudate under favor¬ 
able conditions also is a distinguishing feature. 

The stripe-blight organism differs from Pseudomonas altoprecip- 
itans in important morphological and cultural characters, as recorded 
by Rosen, The writer was not able to obtain a culture of the foxtail 
organism for comparative cultural and inoculation tests. 

According to Reddy and Godkin, 7 the brome-grass organism, 
Bacterium coronafaciens var. atropurpureum, differs from Bad. 
coronafaciens only in host reactions. The latter oat organism 
infected only one species of brome grass (. Bromus carinatus ), while 
the brome-grass organism infects both brome grass and oats. The 
kinds of lesions produced on oats by the two organisms are not 
identical. Those produced by the brome-grass organism have a more 
water-soaked appearance and narrower halos than those produced 
by the oat organism. On B. inermis the lesions are at first circular 
to elliptical water-soaked areas with yellowish green halos. Later 
these spots become dark chocolate or purplish brown and usually 
are linear. Similar lesions occur on Agropyron repens (L.) Beauv., 
on which they are dark purplish brown to black. From this descrip¬ 
tion of the lesions it is evident that those caused by the brome-grass 
organism are distinctly different from the water-soaked dots and 
streaks produced by the oat-stripe organism. 

CULTURAL AND MORPHOLOGICAL CHARACTERS 

Through all the tests on culture media the stripe-blight organism 
and Bacterium coronafaciens were carried along together, but only 
slight differences were observed. 

In dimensions, the stripe-blight organism was consistently smaller, 
having average measurements of 0.66 by 1.76 m- Bacterium corona - 
faciens grown at the same time and under the same conditions and 
stained in the same way had average measurements of 0.68 by 2.40 m- 
The organisms were grown for one or two days on beef-peptone and 
potato agar and were stained with gentian violet. 

Both organisms have capsules (fig. 3, E) and one to several polar 
flagella (fig. 3, F). They are Gram-negative and not acid fast. 
Growth on beef-peptone agar is white and slightly raised, with entire 
to slightly undulate margins and internal fish-scale markings. Agar 


* Rosen, H. R. a preliminary note on a bacterial disease op foxtail. Science 49 : 291, 1919. 
e Rosen, H R. a bacterial disease op foxtail (chaetochloa littescens). Ann. (n. S.) Bot. Gard., 
Missouri 9 : 333-402, lllus. 1922. 

7 Reddy, C. S , and Godkin, J. a bacterial disease of brome-grass. Phytopathology 13: 75-86, 
illus. 1923. 
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usually is somewhat greened, but only slightly as compared with the 
bright green produced by Bacterium coronafaciens var. atropurpureum . 
On Thaxter’s potato agar, Bad . coronafaciens showed less wrinkling 
of the surface than the stripe-blight organism. (Fig. 3, A, B.) In 
beef-peptone bouillon, tubes at first become clouded at the top and 
bottom with a space between which is only slightly clouded. In 
three-day cultures, clouding at the bottom of the tube is moderate 
and in layers and extends about one-third of the distance to the top. 
Growth in the upper part of the medium is mostly at the surface in 
the form of a ring or thin pellicle which falls when disturbed. Cloud¬ 
ing becomes more uniform as the age of the cultures increases. 

In gelatin stab cultures of the stripe-blight organism, growth is 
best at the top. Liquefaction begins in 2 days and is completed in 
about 18 days at 20°-22° C. Liquefaction is crateriform, later 
becoming more infundibuliform to saccate. Cultures of Bacterium 
coronafaciens are only three-fourths liquefied in about 18 days. 

PHYSIOLOGY 

The optimum temperature for growth of both organisms is about 
22° C.; the maximum temperature, between 33° and 35° C. Both 
grew at 1° C. 

The thermal death point is about 48° C. Throughout the tests the 
stripe organism grew after exposure to slightly higher temperatures 
than Bacterium coronafaciens , but only about 1 degree higher. 

The optimum reaction for both organisms is between P H 6.5 and 
P H 7.0. Both grew at P H 5.5 but not at P H 5.0, and both grew at P H 8.9 
but not at Ph 9.3. 

Both organisms grown in Dunham's solution and tested by Ehr¬ 
lich's method 8 gave negative reactions for indol. A culture of Bacillus 
coli , grown and tested at the same time, gave a positive reaction. 

Seven strains, three of halo blight and four of stripe blight, were 
grown on lead-acetate agar with a reaction of P H 7.0. All showed a 
distinct browning of the surface growth and a decided browning of 
the upper part of the agar as compared with the controls. A small 
quantity H 2 S was produced by both organisms. 

Both organisms are aerobes. Growth occurs only at the surface in 
stab cultures and in shake cultures of beef-peptone agar plus 1 per 
cent of glucose, lactose, and rnannit, respectively. 

# In milk cultures both organisms occasionally clear without forma¬ 
tion of curd. Usually, however, a soft curd forms in three to five 
days, followed by slow peptonization, which is completed in from one 
to two months. 

Litmus milk begins to turn blue in two to three days. Reduction 
begins in about one week and is completed in three to seven days. The 
blue color gradually returns, first as a light grayish blue, which later 
becomes dark grayish blue. 

Reduction of methylene blue begins in 24 to 48 hours and is com¬ 
pleted in about 24 hours. The color returns slowly as a greenish 
blue. . Several tests of cultures of both halo-blight and stripe-blight 
organisms grown in nitrate bouillon were made with starch water, 

J Ehrlich's test .—-One cubic centimeter of a 2 per cent solution of paradimethyl aminobenzaldehyde in 
95 per cent alcohol is added to the culture. Then drop by drop, not more than 0.5 c. c. of concentrated 
hydrochloric acid is added until a red zone appeal's between the alcohol and peptone solution. 
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potassium iodide, and sulphuric acid. The results were negative with 
all oat cultures, while cultures of Bacillus coli gave positive reaction 
for nitrites. Cultures then were tested on the first, second, fourth, 
eighth, and tenth days with sulphanilic acid and a-naphthylamine. 
Tests on the eighth and tenth days both gave positive results, showing 
that with this test both the stripe-blight organism and Bacterium 
coronafaciens should be recorded as nitrate reduceis. 

Streaks of both organisms on starch agar plates tested with iodine 
after 12 days showed a clear zone for a centimeter from the margin 
of the colony. 

Several tests w r ere made to detect if possible any difference in 
acid or alkali production of the two organisms. 

Tests for production of ammonia were made in the following ways: 

Flasks containing seven-day broth cultures were heated and the 
steam passed into tubes of Nessler’s solution. A yellowish brown pre¬ 
cipitate was formed from both cultures and uninoculated controls, 
but there was much less precipitate from the controls. 

Slant cultures then were made on the following medium: Peptone, 
40 grams; glucose, 2 grams; dipotassium phosphate, 5 grams; 
agar, 15 grams; water, 1,000 cubic centimeters. 

Tested with 1 per cent phenol and sodium hypochlorite, respectively, 
the cultures gave negative results, but with Nessler’s solution a deep- 
orange precipitate formed in the inoculated tubes and none in the 
controls. 

The following tests then were made to determine any differences 
in quantities of ammonia produced by the halo-blight and the stripe- 
blight organisms. 

Cultures were grown in flasks containing beef-peptone broth, 
asparagin-f dextrose in tap water, asparagin -f dextrose in distilled 
water, 1 per cent asparagin in tap water, oat juice diluted, and oat¬ 
meal broth. Cultures of different ages w r ere tested for the number 
of milligrams of nitrogen per liter by distilling off the ammonia into 
N/10 sodium hydroxide, methyl orange being used as indicator. 
No significant differences were found. 

Tests for the production of acid w r ere made with saccharose, 
dextrose, levulose, maltose, lactose, glycerin, and mannit in 2 per 
cent solutions plus 1 and 2 per cents of Difco peptone and Witte’s 
peptone. In all tests there was a strong acid production from sac¬ 
charose and dextrose and less acid from levulose. The reaction from 
the other compounds was always alkaline. 

Tests then were made to determine whether there were differences 
in the quantities of acid produced by the two organisms from sac¬ 
charose and dextrose. In one test with 2 per cent saccharose and 2 
per cent dextrose plus 0.2 per cent Difco peptone in distilled water, 
brom cresol purple and brom phenol blue were added as indicators. 
In the dextrose cultures containing brom cresol purple, two of the 
five strains showed a higher acidity than the others, but one was a 
halo-blight organism and the other a stripe-blight organism. With 
saccharose the two halo-blight organisms were slightly more acid 
than the stripe-blight organisms. The acid range of Drom phenol 
blue is too high to show the acid production from saccharose of the 



822 


Journal oj Agricultural Research 


Vol. 35, No. 9 


oat organisms, but from dextrose the acid production was about the 
same for both organisms. 

Tests with maltose and lactose in 1 per cent peptone solutions 
showed alkaline reactions from both organisms. 

Table 3. —Acid production, from different sugars in peptone solutions, by stripe- 
blight and halo-blight organisms, determined by the colorimetric method 


Ph concentration of medium 


Date inoculated and medium used 


June 6,1923. 

Saccharose (2 per cent) pep¬ 
tone (1 per cent).. 

Nov. 6, 1924: 


Dextrose (2 per cent), Difco 
peptone (0.2 per cent).. 


Nov. 6, 1924; 


Dextrose (2 per cent), Difco 
peptone (0.2 per cent), tar¬ 
trate (0.5 per cent). 


Nov. 26,1924- 


Saccharose (2 per cent), Difco 
peptone (0.2 per cent), dis¬ 
tilled water.. 


Nov. 26,1924. 


Dextrose (2 per cent), Difco 
peptone (0.2 per cent), dis¬ 
tilled water.. 


Nov. IS, 1924: 

Dextrose (2 per cent), Difco 
peptone (0.2 per cent), in 
Altman at 18° C_. 


Jan. 3,1925: 


Dextrose (2 per cent), Difeo 
peptone (0.2 per cent). 


Incu¬ 

ba¬ 

tion 

pei- 

lod 

(days) 

After inoculation with stiipe- 
blight organism isolation 
No.— 

After inoculation with 
halo-blight organism 
isolation No.— 

Unin¬ 

ocu¬ 

lated 

66b 

69 

70 

9 

10 

11 

12 

Stock 

57a 

i 74 

75 

76 

1 

6.2 

6.0 

6.1 





fi. 2 

1 ! 

! 1 


6.0 

2 

5.8 

5.8 

6.1 



_1_ 

6.3: 6.2 1 _ 



6.1 

3 

5.8 

5.7 

6.0 





6.2 

6.2_ 




5 

5 5 

5.8 

5.9 





6.0 

6.0_ 



6.1 

9 

5,4 

5.4 

5.7 





5.8 

5.2_ 



6.0 

26 

5.2 


5.3- 



.... 

5.2 

5.3 



2 




6.0 

6.0 




5.2 

1 

5.6 


5.8 

4 




6.2 

6*2 

5.1—~ 



, 4.8 

, 5.5 


5.8 





6.2 

6.0 

4.4!_ 



; 4.2 

5.3 



9 




6. ij 6.0 

4.4 



j.... 

4.2 

, 5 4 


5.6 

11 




5.7, 6.0 

4.4 



' 4.1 

1 5.0 


5.7 

14 




5.3 

5.8 

4.1 

~ J_ 


1 4.1! 5.0 



18 



_ 

5. 1; 5.6 

4. 1 


! 


' 4.1 

1 4.5 


5.7 

22 




5. l! 5.4 

4.1 


1 _ 


1 4. C 

4.4 


5.6 

2 




! i 

6.1i 6.2 

6.2 

1 


1 5.7 

6.1 


6.1 

4 




' 6.1! 6.3 

5.7 




■ 5.7 

! 6.1 


6.1 





, 5 9 

fi. 1 

5.6 


1 


' 5. 6,' 5.9 



9 




6.0! 5 9 

5.6 


! 


1 5.5, 5.8 


6.1 

11 




5.7| 6 0 

5.4 


1 


5.5 

5.8 


6.1 

14 




' 5.6! 5.6 

5.5 

1 


, 5.4 

5.8 



IS 




■ 5.7 

5.5 

5.7 

1 


5.4 

5.7 


6.1 

22 




■ 5.6 

55 

5.5 


l 


5.4 

5.6 


6.1 

2 




; 5.8 

5.8 

5.8 

5.91. 


5.4 

6.1 

5.8 

5.9 

3 




5 7 

5.6 

5.6 

5.8. 


4.9 

5.8 


5.8 

5 




! 5.7 

5.6 

5 7 

5 8!. 


4.2 

5.9 

5.9 

5.8 

8L — 

____ 

_ 

5.9 

5.8 

5,6 

5. S'. 

_ 

4.2 

5.8 

5.9 


lli 




5 8 

5.6 

5. 5> _ 


3.8 

5.7 

5.4 


X4i_ 



, 5.5 

5.6 

5.0 

4.7 



3.6 

5.5 

5.7 

5.8 




, 5.3 

5.4 

4. S 

4.5 

. 


3.7 

5 0 

4.6 


22iL— 



4 2 

5 1 

4.1 

4.3_ 


3. S 

5.2 

4.2 

5.9 

L 32—— 



4.1 

4.8 

4.0 

4.3 



3.8 

5,4 

4.0 

6.2 

si___ 




5.7 

5.4 



4.8 

5.4 

5.6 

5.6 

o 




5.4 

5.7 

5.4 

5.4 



4.5 

5.4 

5.5 

5.6 

5 





6.0 

5.1 

5 5. 


4.1 

5.4 

5.4 

5.6 

8 




5.3 

6 1 

5.0 

5.1'_ 


4.0 

5.4 

5.4 


11 




4.1 

5.6 

4.4 

4.2 



3.6 

5.0 

4.8 


M 


.... 

.... 

4.1 

5.1 

3.9 

4.5 


_ 

3.7 

4.6 

4.3 

5.5 

17 




4.1 

4.6 

4.2 

3.9 



3.6 

4.6 

3.9 


oo 




4.0 

4.2 

3.8 

4.3 



3.6 

4 ,1 

4.1 

5.4 

32 




4.0 

4.0 

3.8 

4.2 



3.6 

4 2 

4.2 

5.7 

2 




5.7 

5.7 

6.0 

5.8 



5.5 

5.8 

5.8 

5.6 

4 


III”! 


5.8 

5.7 

6 0 

5.8 



5.6 

5.8 

5.8 


6 



5 9 

6.0 

6.4 

5 S 



5.5 

5 9 

5.9 


8 


_ 

_ 

5.8 

5.9 

6.4 

5.9 


IIII 

5.2 

5.9 

5.9 


12 

.... 


„_ 

5.8 

6.1 

6.4 

5.9 


_ 

5.3 

6.9 

5.9 

5.8 

16 

- 


—-j 

5. 7 

5.9 

6.4 

5.9 


.... 

4.8 

5.9 

5.9 


o 




5.8 

6.0 

6.0 

5.8 



5.7 

5.9 

5.6 

5.8 

3 


_ 


5.8 

6.1 

6.2 

5.9 



5.5 

5.9 

5.0 


4 




5.9 

6.3 

6.2 

5 9 



5.1 

5 9 

5 8 


6 

_ 

_ 

IIII 

6.4 

6.5 

6.3 

5.9 



5 ! 2 

5*. 8 

5lo 


7 

— 

.... 


6.4 

i 6.0 

6.4 

5.9 


.... 

4.8 

5.8 

4.7J 

5.8 
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Table 3. —Acid production, from different sugars in peptone solutions, by stripe- 
blight and halo-blight organisms, determined by the colorimetric method —Contd. 


Ph concentration of medium 


Date inoculated and medium used! 


Incu¬ 

ba¬ 

tion 

per¬ 

iod 

(days) 


After inoculation with stripe- i 
blight organism isolation 
No.- 


After inoculation with 
halo-blight organism 
isolation No.— 


Jan. 12, 1925. 


Dextrose (2 per cent), Difco 
peptone (0.2 per cent).. 


Feb. 2, 1925: 

Synthetic medium «. 
Feb. 9,1925: 


Dextrose (1 per cent), ammo¬ 
nium phosphate-. 


06b 69 70 


ifa.r 

np.r 

t ra.i 
k \p.r 
.) a.] 

7 {p.! 


"1: 


T 


i 


xn- 

m.l_S_. 

m.j-u. 

m.-'_ 1 -; 

m.i_;_ 

m.j. 1 _ 

m 

m.L_ 

5 a.m.L. 

„/a. m.|_ 

vJ- m.j— 1 

8 a.mJ_ 

9 a.m.!_ 

10 p.m.l— 

11 p.m.l. 

12 p m.L 


i 

1L 

2 |. 

3 

4|—- 


—-r—| 

——i 


6.1 

5.8 

5.8 

5.8 
l 5.9 
j 5.9 
[ 6.0 
! 5.9 
! 5.9 
i 6.2 

5.9 
| 6.0 
! 5 9 
| 6.2 
• 5.9 

6.4 

| 6 9 
1 6.8 
, 6.8 

6.7 
, 6.4 

6.8 


6.6 
—j 6.5 
... 6.4 

..J 6.2 

...i 6.3 

-J 6 2 

— I 5.8 
... 5.9 
-J 5.8 

— 5.7 
.... 5.5 

— I 5.7 
... 5.2 


10 


11 i 12 Stock! 


57a 


6.1 
6.0 
6. II 
6. II 
6 . 2 ! 
6.1! 
6.0> 
6 . 0 : 


5.9 

5.8! 


5.8| 5.8' 
5.8; 5. , 
5.6! 6.2 
5.8! 5.8! 




6.2 
5.9 
5.9 
5.9! 

5.8 

5.81 .j--. 

5. Si.I- 

5.8.L... 

5 .8j. 

5.81 . 

5.8 .i—. 

5.8,. 

5.8!.!._.. 

5. S' - - - i 

5.9 


6.9' 6.9 


6.7. 

6 . 6 ; 

6 . 2 , 


6.8 6.8 
6 . 8 ; 6 . 8 * 
6.6 1 6.6 
6.6 6.6 
6.5 6.5' 

6.3 6.5, 
6.3! 6.4 

6.2 6.31 
5.9 5.8; 
6.0 5.9i 
6.0| 5.8! 
5.81 5.71 

5.4 5.9j 
5.71 5.9' 

5.2 5.5 1 , 


6 . 8 !. 

6.8!_ 

6.6'. 

6.6.. 

6.5'. 

6.4!. 

6.4 . 

6.5 . 

6.0!. 

6.4!. 


I Uni 11 - 
1 ocu- 
- lated 


5.7 
5.8. 

5.1, 
5.1; 

5.2 

4.8 

4.2, 

4.3 
4.5' 

4.1 

4.2 
4. V 

3.9 
4.0 

4.2 
4.0 

6.9 
6.8 
6 . 7 , 
6.6 

6.2 

6.7 

6.7 
6.6 
6.6 
6.5 

6.4 

6.2 

5.9 
5.9 

5.8 
5.7 
6.1 

5.5 
5.7 

5.6 


6.0 

5.9 

5.7 

5.8 

5.7 
5.4 
5.4 

5.1 

5.2 
4 9 

4.9 
5.0 

4 7 

4.8 

5 4 

5.4 

7.0 

6 8 

6.7 

6.5 

6.2 

6.8 
6.7 
6 5 

6.6 
6.5 
6.5 
6.5 

6.4 

6.3 
5.7i 
6.1 
5 6 

5.5 

5.6 

5.4 


! 

ID ^ 

5.6,. 

5.6;. 

II s - 7 

5.S!. 

4.8i\ - - 
5.4/ 

6 . 2 ]. 

4.6. 

4.5,. 

4.3!. 

4 * 5 i. 

6.9, 7.0 

6.8;_ 

6.7!. 

6.6! 7.1 

6 . 6 !. 


6.9 


6 8 

6.8 


« Synthetic medium. Manual of the Society of American Bacteriologists: Monobasic ammonium phos¬ 
phate, 1 gm.; potassium chloride, 0.02 gm.; magnesium sulphate, 0.02 gm.; dextrose, 10 gm.; water, 1,000 c. c. 


Table 3 gives the results of tests for acid production from saccharose, 
dextrose, and synthetic media, using the colorimetric method. 

While in some instances the halo-blight organisms produced more 
acid than the stripe-blight organisms, the results as a whole show no 
consistent differences in quantities of acid produced. 


TECHNICAL DESCRIPTION 


Bacterium striafaciens n. sp. 

A motile rod with rounded ends and polar flagella; single, in pairs, or in 
short chains; average measurements 0.66x1.76 ju; no spores; capsules formed; 
aerobic; white on agar; liquefies gelatin; does not produce indol; produces H 2 S; 
forms a soft curd in milk, which is slowly peptonized; slight reduction of nitrates; 
starch hydrolyzed; ammonia produced; acid produced from dextrose, saccharose, 
and levulose, none from other carbon compounds tested; optimum temperature 
22° C., thermal death point 48°; optimum reaction Ph 6-5 to Ph 7.0; Gram-negative; 
not acid fast; pathogenic on varieties of cultivated oats and to a slight degree on 
barley. 
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SUMMARY 

A new bacterial disease of oats has been collected from the chief 
oat-growing sections of the United States. In the fields of oats 
observed by the writer the disease was not sufficiently abundant to 
make control measures necessary. Specimens from the Pacific 
coast, however, seem to be more heavily infected. 

The lesions are water-soaked dots and streaks which later turn 
rusty brown. They show no halolike borders and under favorable 
conditions are covered with shining dried scales of exudate. 

These stripe lesions are distinctly different from the lesions pro¬ 
duced by Bacterium coronafaciens Elliott, Bad . coronafaciens var. 
atropurpureum Reddy and Godkin, and Pseudomonas alboprecipitans 
Rosen. 

Repeated isolations have given a typical white organism which 
on inoculation produced typical stripe lesions quite different from 
the lesions of the halo-blight organism. 

Inoculations of a large number of oat varieties have shown the 
same differences in varietal susceptibility to both stripe-blight and 
halo-blight organisms. The host range of the two organisms also 
was the same as far as tested. 

No consistent differences in the reactions of the two organisms to 
various culture media have been detected. 

Morphologically the stripe-blight organism is consistently smaller 
than Bacterium coronafaciens. 

On the basis of the differences in type of lesions produced on oats 
and the smaller size of the stripe-blight organisms, the name Bacterium 
striafaciens n. sp. is suggested for the organism producing water- 
soaked dots and streaks on oats. 



A COMPARATIVE STUDY OF THE QUINHYDRONE AND 
HYDROGEN ELECTRODES FOR DETERMINING THE 
HYDROGEN-ION CONCENTRATION OF SOILS 1 

By E. F. Snyder 

Assistant Biochemist, Office of Soil Fertility , Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

The determination of the hydrogen-ion exponent of soils hereto¬ 
fore has been confined to two methods, the hydrogen electrode and 
the colorimetric. With the development of the quinhydrone elec¬ 
trode for practical use and its adaptation to soils by Riilmann (S) 2 , 
extensive application of this electrode procedure has been made by 
virtue of its comparative simplicity and economy of time. In addi¬ 
tion, when the presence of nitrates is sufficiently high to act as an 
interfering factor in the obtainment of constant potentials as a result 
of reduction by the hydrogen electrode, the quinhydrone electrode, 
as shown by Biilmann, may be used without danger of error from 
this source. 

Results of hydrogen-ion exponent determinations on soils by the 
hydrogen and quinhydrone electrodes indicate excellent agreement as 
reported by some soil investigators. However, results to the con¬ 
trary have also been reported. Christensen and Jensen {8) deter¬ 
mined the P H values of suspensions of many diverse Danish soils, 
ranging in P H value from approximately 3.5 to 8.5, and found close 
agreement between the hydrogen and quinhydrone electrodes. 
Baver (2) reports that the hydrogen and quinhydrone electrode results 
compare closely, the variation ranging from 0 to 0.2 P H . When work¬ 
ing on soil suspensions Brioux and Pien (7), however, were unable to 
obtain in general the agreement between the two electrodes as re¬ 
ported by Christensen and Jensen. When centrifugates were used 
the agreement was better, although the quinhydrone results were 
slightly higher as a rule and there still remained cases of unexplain¬ 
able deviations. 

The present work was therefore undertaken to compare the two 
electrodes as used for the determination of the hydrogen-ion exponents 
of soil suspensions. 

THEORETICAL CONSIDERATIONS 

The familiar working formula for the computation of P H values, 
using the hydrogen electrode is: 

/h\ p _ E~E (eaU 

ru 0. 00019837 T 

where— 

2?= observed potential. 

E <cai.) = potential between calomel electrode and normal hy¬ 
drogen electrode at t centigrade, 
absolute temperature (273.09 + / centigrade). 


i Received for publication Aug. 15,1927; issued December, 1927. 
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Biilmann and his coworkers (4, 5,6) determined the potential 
difference of cells of the type 

Pt | Quinhydrone, electrolyte | H 2 (1 atm.) Pt . 

where the quinhydrone and hydrogen electrodes were in the same 
electrolytes of known P H value, contact potential being eliminated 
by connecting the two electrodes with the common electrolyte. The 
measurements were made at 0°, 18°, 25°, and 37° C., respectively, 
and it was found that within the limits of experimental accuracy, 
the potential-temperature curve of the quinhydrone electrode over 
this range is practically a straight line represented by the following 
equation: 

(2) 7r t =0. 7175-0. 00074 t 

where the potential of the electrode at t° and 760 mm. dry hydrogen 
is represented by the quinhydrone electrode being positive to the 
hydrogen electrode. The largest difference between the calculated 
and observed potentials was found to be 0.4 millivolts. By a simple 
substitution in which E in equation (1) is replaced by Tr t — E Q where 
E q is the observed potential difference between the quinhydrone 
and calomel electrodes, the working equation for the quinhydrone 
electrode becomes: 

p _ ffical.) ~~ Eg 

w rH 0. 00019837 T 

The standard calomel electrode may be replaced by a standard 
quinhydrone electrode as suggested by Veibel (16). However, in the 
present work the saturated calomel electrode was used by preference 
and assigned the E {C&U) values given by Clark (9). 

The quinhydrone electrode results are calculated from equation 

(3) , where the r t and E { ca i.) values are referred to a hydrogen partial 
pressure of 760 mm. 

When employing either the saturated, normal, or tenth-normal 
calomel electrodes there is a current reversal at a definite P H value 
depending upon the electrode used and the temperature. From 
equation (3) it is obvious that with the tenth-normal calomel electrode 
at 18° C. the potential becomes zero at about P H 6.34 and negative 
with increasing P H . With the saturated calomel electrode at 18° 
this change of potential from positive to negative occurs at about 
Ph 7.86. With those soils below P H 7.86 the observed potentials 
when using the saturated calomel electrode will be positive, since the 
quinhydrone electrode will be positive to the calomel electrode, and 
above P H 7.86 the potentials will be negative. 

The sign of the observed potential difference is that of the quin¬ 
hydrone electrode in relation to the known sign of the standard 
calomel electrode. 

EXPERIMENTAL WORK 

QUINHYDRONE CONCENTRATION 

After a few preliminary experiments in which the quinhydrone 
concentration was varied from about 0.02 gm. to approximately 0.5 gm., 
using the soil-water ratio of 1 to 2, it was concluded that about 0.1 
gm. of quinhydrone was sufficient for soil suspensions. 




Nov. i, 1927 Determining the Hydrogen-ion Concentration of Soils 827 


Three grades of quinhydrone were used, one a high-grade pur¬ 
chased product m. p. 169°-170° and the remaining two prepared in 
the laboratory by the method of Biilmann and Lund ( 6 ). Results 
with the three preparations were in agreement. 

Introduction of the quinhydrone to the soil suspension was facili¬ 
tated by means of a glass spoon constructed so as to deliver about 
100 mgm. of quinhydrone. 

Baver [2) used in his work on the quinhydrone electrode 0.05 gm. 
of quinhydrone per 15 c. c. of solution, and Hissink and Van der 
Spelt (IS) 0.05 gm. for 5 gm. of soil and 20 c. c. of water. 



SOIL-WATER RATIO 

All measurements, electrometric and colorimetric, were made on 
soil suspensions with a soil-water ratio of 1 to 2, using 15 ^m. of air- 
dried soil (passing a 2 mm. sieve) and 30 c. c. of water. This mixture 
was shaken by hand in a large pyrex test tube for approximately 
1 minute and allowed to stand about 20 minutes for sedimentation. 

The colorimetric measurements were made on the centrifugate of 
the supernatant liquid, employing Gillespie's drop-ratio method (II), 
with the substitution of bromcresol green (14) for methyl red. 

ELECTRODE VESSEL 

The electrode vessel of pyrex glass shown in Figure 1 is a closed 
type, being a modification of the one employed by Gillespie (10) 9 
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and was used for both quinhydrone and hydrogen electrode measure¬ 
ments. The volume of the vessel is about 65 c. c., the ratio of the 
volume to that of the soil suspension being such as to insure thorough 
mixing during shaking. 

The application to soils of the principle of shaking the electrode 
vessel with alternate exposure and immersion of the electrode, 
especially in hydrogen electrode measurements, allows of a more 
rapid attainment of equilibrium between gaseous hydrogen, the 
electrode, and the soil suspension. A localized equilibrium with this 
procedure is avoided, and one is obtained which is more charac¬ 
teristic of the entire suspension. 


ELECTRODE 

The electrode shown in Figure 2 consists of a sheet of platinum 
foil about 2.5 by 3.0 cm. securely held in place by two platinum leads 
for the current, which were welded to both ends of the foil and sealed 
, , into the glass support. The elec- 

5 =—-— - ») trodes, while occasionally heated to 

redness in the alcoholic flame, as 
suggested by Biilmann (3) for the 
quinhy drone electrode procedure, 
were also frequently treated with 
hot chromic-acid solution and when not in use were kept in a chromic- 
acid bath. The gold-foil electrodes were about 1.0 by 2.0 cm. and 
were welded to a short piece of platinum wire and then sealed into a 
glass tube. 



Fig. 2 —The electrode 


VARIATION OF QUINHYDRONE ELECTRODE MEASUREMENTS WITH TIME 

^ To determine the variation of the quinhydrone electrode with time, 
different soil types were investigated. Potential measurements were 
made on suspensions of duplicate samples of these soils immediately 
after an initial shaking of the electrode vessel and then after definite 
intervals with the vessel at rest. The potential differences given in 
Table 1 are characteristic of several duplicate measurements made 
on each sample and are typical of a large number of results. 

A large number of potentials measured immediately after an 
initial shaking of about 30 seconds and then after the following 1, 
5, and 10 minute intervals, with the vessel at rest, were similar to 
those shown in Table 1. 

In Table 1 the initial time of shaking the electrode vessel has 
been increased to 2 minutes, and the potentials read immediately 
after shaking and after the following intervals indicated. In those 
instances where there was a final shaking of the electrode vessel for 
2 minutes, little further change in the potentials was observed. The 
constancy of potential of the acid soils may in general be considered 
good over the 15-minute period, although there was a small potential 
decrease or corresponding P H increase with time. 

With the alkaline soils the potentials maintained as a rule a good 
degree of constancy over the 15-minute period, in some instances as 
high as about P H 9.0. There were, however, occasional exceptions to 
this on both the acid and alkaline sides. Quinhydrone electrode 
measurements on one black alkali soil of P H 9.0 (hydrogen electrode 
value) drifted rapidly over a 15-minute period, the initial quinhydrone 
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value being about P H 9.5. In instances of this nature the drift was 
such that any measurement is admittedly a “forced” one. 

Table 1.— Variation of quinhydrone electrode measurements with ti?ne 


Soil type 


Norfolk fine sandy loam, Norfolk, 

Caribou loam, Aroostook County, Me__j! 

Washburn loam, Aroostook County,Me. j 
Portsmouth fine sandy loam, New Bern, f 

Miami silty clay loam, Wells County,/ 
Ind. \ 

Stockton clay adobe, Butte County, f 
Calif. \ 

Prowers clay loam, Lamar, Colo.{ 

Fort Lyon clay loam, Las Animas, Colo.j' 

Mmnequa silty clay loam, Rocky Ford,( 
Colo. > 

Fallon loam, Churchill County, Nev .~\ 


Electrode 

vessel 

shaken 

2 minutes 


Electrode vessel at rest 

; 

Electrode 

vessel 

shaken 

2 minutes 

5 minutes 

10 minutes 

15 minutes ! 

Volts 

Ph 

Volts 

P H 

Volts 

P 

H 

Volts 

Ph 

Volts | 

Ph 

0.1729 

4.73 

0.1712 

4. 76 

0.1704 

4. 

77 

0.1699 

4.78; 

). 1693- 

479 

.1734 

4. 72 

. 1722 

4. 74 

.1711 

4. 

76 

.1707 

4. 77j 

.1700] 

4.78 

.1706 

4.82 

.1678 

4. 87 

.1668 

4. 

S8 

. 1658 

4.90: 

. 1651! 

4.91 

.1679 

4 86 

.1658 

4.90 

.1644 

4. 

92 

.1643 

4.93 

.1640 

493 

. 1230 

5.47 

.1209 

5. 50 

.1184 

5 

54 

.1180 

5. 55, 

. 1176 

5.56 

.1214 

5. 50 

.1195 

5. 54 

. 1187 

5. 

55 

.1174 

5. 57] 

. 1176' 

5.57 

. 1196 

5.60 

.1194 

5. 60 

. 1187 

5. 

62 

. 1185 

5.62, 

. 1182, 

5.62 

. 119S 

5. 60 

.1189 

5.61 

. 1175 

0. 

64 

.1173 

5.64, 

. 1170! 

5.64 

.0151 

7.40 

.0160 

7.39 

.0160 

7. 

39 

.0169 

7.37 _ 

! 


. 0128 

7.44 

.0126 

7.44 

. 0128 

7 

44 

.0139 

7.42 „ 

.1 


-.04561 S. 41 

-. 0522 

8. 52 

-. 0542 

8. 

56 

0547 

8.57,- 

-. 0548! 

8.57 

-. 0448 

8. 40 

-. 0501 

8 49 

-. 0560 

8. 

59 

0562 

8.59 - 

0547! 

8.57 

0434 

8. 36 

- 0431 

8, 35 

-.0428 

S. 

35 

0425 

8.34'- 

-. 0405' 

8.31 

0425 

8.34 

0431 

8. 35 

-. 0433: 

, 8. 

36 

-. 0430 

8. 35 - 

-. 04ll! 

8.32 

-. 0347 

8.26 

-. 0390 

8 33 

-. 0390' 

8. 

33 

-. 0386 

8.32 - 

0370] 

8.30 

-. 0374 

8. 30 

1 - 0387 

S 33 

0386 

8 

32 

-. 0386 

8. 32 - 

-. 0364 

S. 29 

-. 0646 

S. 73 

S-.0671 

S. 77 

0673 

8. 

78 

0666 

8.77 - 

-.063H 

8.71 

0639 

8.721- 0651! 8.74 

0656 

8. 

75 

0656 

8. 75 - 

0620' 

8.69 

- 0852 

9. 2C 

0905 

9.29 

-. 0905 

9 

29 

!-. 0930 

9.33 - 

-. 09101 

9.30 

0860 

9.21 

0878 

9. 24 

-. 0893 

9. 

27 

I-.0897 

9.28 - 

0877! 

9.24 


Quinhydrone electrode measurements were also made at intervals 
over a 10-minute period, with the electrode vessel shaking contin¬ 
uously as in the procedure recommended by Gillespie (10) for hydro¬ 
gen electrode determinations. The potentials were in general similar 
to those recorded in Table 1, in which instance the electrode vessel 
was not shaken continuously. 

As a result of many observations it seems advisable to make the 
potential measurement about one-half to one minute after the addi¬ 
tion of the quinhydrone. 

QUINHYDRONE ELECTRODE PROCEDURE 

The procedure adopted for the determination of the P H values 
of soils with the quinhydrone electrode is as follows: Fifteen grams 
of air-dried soil and 30 c. c. of water are shaken in a large pyrex test 
tube approximately one minute. This suspension is allowed to stand 
a short time for sedimentation, and a portion of the supernatant liquid 
sufficient to fill the neck of the vessel and bore of the stopcock is 
poured into the electrode vessel. (Fig. 1.) The end B is filled with 
saturated potassium-chloride solution and the vessel attached to a 
shaker, the actuating arm of which passes through the axis A. The 
end B is then connected to the saturated calomel electrode. The 
remainder of the soil suspension is poured into the vessel and about 
0.1 gm. of quinhydrone added. The plain platinum electrode (fig. 
2) is placed in the electrode vessel, which is shaken one-half to one 
minute. The potential is then read immediately with the vessel at 
rest. 

Contact with the calomel electrode is drawn into the end B , thus 
preventing the entrance of potassium chloride into the soil suspension. 
The potential is measured with a Leeds & Northrup type K potenti¬ 
ometer in connection with a high-grade galvanometer and a Bureau 
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of Standards certified Weston cell. The recorded temperature, which 
was that of a small room especially adapted to potentiometrie work, 
did not vary greatly during the day; however, temperature correc¬ 
tions were applied to all measurements. 

HYDROGEN ELECTRODE PROCEDURE 

The procedure followed for the hydrogen electrode determination 
is as follows: The soil treatment and filling of the electrode vessel 
are as described for the quinhydrone electrode procedure prior to 
adding the quinhydrone. The electrode (fig. 2) was lightly coated 
with palladium in about 5 seconds, electrolyzed in dilute sulphuric 
acid, thoroughly washed in distilled water, then placed in the vessel 
(fig. 1), and the space above the soil suspension thoroughly swept out 
with pure hydrogen, but not bubbled through the suspension. During 
shaking, which is at the rate of about 80 complete swings per minute, 
contact with the calomel electrode is drawn into the end B and the 
potential read after 5-minute intervals, the second reading being a 
control. Equilibrium is generally obtained in 5 to 10 minutes. 

VARIATION OP HYDROGEN ELECTRODE MEASUREMENTS WITH TIME 

The hydrogen electrode measurements shown in Table 2 were 
made after the indicated periods, during and after shaking of the 
electrode vessel. 


Table 2 . —Variation of hydrogen electrode measurements with time 


Soil type 


Electrode vessel shaking 

Electrode vessel at rest 

I 

5 minutes 

10 minutes 

15 minutes 

1 minute 

5 minutes 

10 minutes 

15 minutes 

Volts 

Pr 

Volfs 

Ph 

Volts | P H 

Volts 

Ph 

Volts 

Ph 

Volts 

Ph 

Volts 

Ph 

0.5279 

4. 75 

0.529G 

4.77 

0. 5293 4.78 

0.5298 

4. 79 

0.5298 

4. 79 

0.5298 

4. 79 

0. 5298 

4. 79 

.5283 

4.76 

.5283 

4.76 

. 5286,4.77 

.5290 

4. 77 

.5291 

4.77 

.5291 

4. 77 

.5291 

4.77 

.5296 

4. 75 

. 5311 

4 77 

. 5298 4. 75 

. 5323 

4. 79 

.5330 

4. SO 

. 5328 

4. 89 

. 5329 

4.80 

. 5307 

4. 79 

.5312 

4 79 

. 5307|4. 79 

.5335 

4.83 

. 5342 

4.84 

.5346 

4.85 

. 5351 

4.86 

.5709 

5. 45 

.5699 

5.43 

. 5699)5.43 

.5721 

5. 47 

. 572S 

5.48 

.5737 

5.49 

.5741 

5. 50 

.5715 

5. 46 

.5702 

5.44 

. 5694 5.42 

.5725 

5. 47 

. 5736 

5.49 

.5743 

5.5C 

.5746 

5.51 

.5844 

5. 68 

.5831 

5.66 

. 583015. 66 

.5835 

5. 66 

.5832 

5. 66 

.5832 

5. 66 

.5832 

5.66 

. 5823 

5.64 

.5814 

5.63 

. 581815.64 

. 5818 

5. 64 

.5818 

5. 64 

.5818 

5.64 

.5818 

5. 64 

1 .0902 

7. 49 

.6877 

7.45 

.685817.42 

.6903 

7.49 

.6899 

7.49 

. 6894 

7.48 

.6882 

7.46 

| .6873 

7.44 

. 6870 

7.44 

.6861 7.42 

. 6884 

7. 46 

.68811 

7.46 

.6883 

7.46 

.6883 

7.46 

i .7137 

7. 91 

.7145 

7.93 

. 71381,7.91 

.7170 

7. 97 

.7174 

7.99 

.7161 

7.95 

.7160 

7.95 

J •7124 

7.89 

.7116 

7.88 

.71167.88 

.7146 

7. 93 

.7154 

7 94 

.7346 

7.93 

.7147 

7.93 

1 .7186 

7.97 

.7189 

7.98 

.7185 7.97 

. 7195 

7.99 

.7197 

7.99 

.7198 

7.99 

.7200 

7.99 

L . 7185 

7.97 

.7183 

7.97 

.7178:7.96 

.7194 

7.98 

.7196 

7.99 

. 7l96j7.99 

.7197 

7.99 

f! .7200 

8.01 

.7187 

7.99 

. 7183(7.98 

. 7210: 

8.03 

.7209 

8.03 

. 7207,8.02 

.7207 

8.02 

l .7200 

8 01 

.7183 

7. 98 

. 7177)7.97 

. 7203! 

8.02 

i .7204 

8.02 

. 7204(8.02 

. 7203 

8.02 

F: .7509 

8.52 

.7496 

8.50 

. 7489 8.49 

.7502 

8 . 51 

i .7504 

8.52 

. 7509,8.52 

. 7509 

8.52 

L • 7482 

8.48 

.7478 

8 47 

. 7475 8.47 

. 7503 

8.51 

.7510 

8 53 

. 7513:8.53 

. 7513 

8 .53 

r! . 7911 

9.17 

.7912 

9.17 

. 7917 9.18 

.7942! 

9. 22 

.7944 

9.23 

. 7941 9.22 

. 7938 

9.22 

L| . 7912 

i 

9.17 

.7891 

9.14 

.7890 8.14 

.7926 

9.20 

. 7930 

9.20i 

. 7918,9.18 

1 

.7920 

9.19 


Norfolk, Va. 1 

Caribou loam, Aroostook! 

County, Me. 1 

Washburn loam, Aroostook! 
County, Me. 

Portsmouth fine sandy; 

loam, New Bern, N. C. 
Miami silty clay loam, 
Wells County, Ind. 
Stockton clay adobe, Butte 
County, Calif. 

Prowers clay loam, Lamar, 
Colo. 

Fort Lyon clay loam, Las 
Animas, Colo. 

Minnequa silty clay loam, 
Rocky Ford, Colo. 
Fallon loam, Churchill/ 
County, New 


The results indicate in general the reproducibility and constancy 
that may he obtained, and are quite representative of several thou¬ 
sand determinations made during the last eight years, being exclu¬ 
sive, however, of those occasional instances of erratic potentials 
referred to below. 

Gillespie and Hurst {12) have given a frequency table showing the 
number of times potential changes were observed due to 5 minutes’ 
extra shaking. The readings were made during shaking after 5- 
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minute intervals, the second reading being a control. As a result of 
58 determinations the mean potential drop due to the extra 5 minutes’ 
shaking was 0.9 millivolt. It is stated by these authors that “if the 
electrode vessel is not shaken during the measurement the potential 
is not constant, but becomes numerically greater, sometimes so fast 
that any measurement would be a forced one.” This, they say, is 
due to the presence of nitrates and possibly to other oxidizing agents. 
With palladium black electrodes a similar potential rise after bringing 
the electrode vessel to rest has been observed, particularly with 
alkaline soils when using impure hydrogen containing small quantities 
of oxygen. Under similar conditions, electrodes of platinum or 
iridium black on platinum or gold foil showed insignificant potential 
variations. 

It has been observed, as further stated by Gillespie and Hurst (12), 
that “if the vessel were not shaken during the measurements, and a 
final potential reading were taken after the potential seemed to become 
constant, the results in some cases would be quite erroneous, and it 
would appear that in general such results would be more or less in 
error.” The results given in Table 2 seem to bear out Gillespie's 
statement of the constancy of potential during shaking of the electrode 
vessel. 

As a rule the reproducibility of hydrogen electrode measurements 
on soil suspensions has been within about 3 millivolts. It should be 
remembered, however, that the hydrogen electrode is not universally 
applicable, especially in the presence of unsaturated substances and 
active oxidizing agents, and there may be soils containing constit¬ 
uents which would cause unsatisfactory results and preclude the 
use of the hydrogen electrode. In instances of this nature, which 
may occur occasionally, or where the investigatorhas reason to suspect 
the validity 3 of his results, or when there is difficulty in obtaining 
stable and reproducible potentials with the hydrogen electrode, it is 
advisable to compare the hydrogen electrode, the quinhydrone 
electrode, and the colorimetric methods with one another. 

PALLADIUM, PLATINUM, AND IRIDIUM BLACK ELECTRODES 

Experiments with hydrogen electrodes of palladium, platinum, or 
iridium black on platinum or gold foil showed that, under equilibrium 
conditions, results on soil suspensions by these different electrodes 
are in close agreement. 

Palladium, platinum, and iridium black were lightly deposited in 
about 5 seconds from approximately 3 per cent solutions of palladium 
chloride, chloroplatinic acid, and iridium sesquichloride, respectively, 
each containing about 2 per cent of hydrochloric acid. 

In regard to plating electrodes it might be well to mention at this 
point that it does not seem improbable that the properties of the 
plating solution as well as the current density employed are factors 
contributory to the character of the deposit. As stated by Clark (9), 
“since there is a simultaneous deposit of metal and hydrogen and, 


3 A soil sample submitted to the writer gave with a hydrogen electrode a negative potential and a corre¬ 
spondingly absurd Ph value for a soil It was noticed that the box in which the soil had been sent was 
labeled 41 Bichloride of Mercury.” The treatment of 15 gm. of a similar sandy soil low in organic matter 
with as little as 10 mgm. of HgCl* produced an effect greater than that mentioned above, this apparently 
being an instance of electrode poisoning. The effect on other soils higher in organic matter was compara¬ 
tively small. A second sample of the original soil, but free from HgClj, was found to have a Ph value 
of 5.3. 



832 


Journal oj Agricultural Besearch 


Yol. 35, No. 9 


since the character of the platinum, palladium, or iridium black is 
undoubtedly due to the vigor of the hydrogen evolution, it is evident 
that the P H of the solution constitutes a part of the conditions.” 
In this connection Andrews (1) states that “palladium electrodes 
for hydrogen-ion determinations are much less reliable than plati¬ 
num electrodes because of the lack of permanence of the former which 
results from a more or less rapid change of amorphous to crystalline 
palladium 

COMPARISON OF RESULTS 

Some of the results characteristic of those obtained by using the 
two procedures outlined for the quinhydrone and hydrogen elec¬ 
trodes are shown in Tables 3 and 4, together with a few available 
colorimetric results. 


Table 3. —Comparison of Ph results on soils 
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The agreement between the two methods as shown in Table 3 may, 
with the exception of a few values around P H 8.0, be considered good 
for soils, particularly on the acid side. On the allvaline side the larger 
variations were more frequent, although instances of good agreement 
were obtained as high as P H 9.2. In those instances where the colori¬ 
metric results are given, there is in general better agreement with the 
hydrogen than with the quinhydrone electrode results, the quin¬ 
hydrone electrode in these instances apparently being in error. 

La Mer and Parsons {15) found that the quinhydrone electrode gave 
reliable results in buffered solutions more acid than P H 8.0, provided 
no rapid oxidizing or reducing agents were present. Erroneous results 
obtained in more alkaline solutions are attributed to the autoxidation 
of hydroquinone. 

In an article by Biilmann ( 4 ) there is discussed the influence on the 
potential of chemical compounds present in the quinhydrone electrode, 
such as the acidity of the hydroquinone, the dissociation and the 
influence of acids and salts on the activities of hydroquinone and 
quinone. It is also stated by this author (and this point should be 
kept in mind) that “the quinhydrone electrode is by no means a 
universal electrode, and there may be soils containing constituents 
which affect the electrode potential.” 
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Table 4. —Comparison of Ph results on buffer solutions 


Electrode 

Ph values 

Hydrogen. 

Quinhydrone... 

1 . SO 
1. 53 ; 

2. 99 

3 02 

4.5S 1 
4. 56 

7.49 ! 
7.48 

7.98 
7.96 

S. 25 ! 

a 20 

8 59 

8 55 

a 94 

! 8 90 



The hydrogen and quinhydrone electrode results given in Table 4 
for some of Clark and Lubs's (9) buffer solutions ranging from about 
P H 3.0 to 8.0 are in excellent argeement, the largest deviation between 
the two electrodes being 0.03 P H * Above P H 8.0 the quinhydrone elec¬ 
trode potentials were not so constant but continued to drift over a 15- 
minute period. From Ph 8.0 to about 9.0, as far as these investiga- 
tions. were carried, readings made prior to any appreciable drift; 
that is, about 1 minute after the addition of quinhydrone, gave results 
agreeing closely with those of the hydrogen electrode 1 . At about 
P H 9.0 the drift of the quinhydrone electrode potentials over a period 
of 15 minutes had risen to about 6 millivolts. 

Many quinhydrone electrode potentials obtained with platinum 
and gold-foil electrodes on some of Clark and Lubs’s buffer solutions 
ranging from about P H 2.3 to 8.0 showed that the potentials obtained 
with gold-foil electrodes at intervals of 1? 5, and 10 minutes after 
the addition of quinhydrone were more nearly constant than those 
observed with platinum electrodes. With gold electrodes as a rule a 
constant oxidation-reduction potential was quickly established, 
whereas with platinum electrodes there was generally a slight drift 
toward more negative potentials. The P H values obtained with 
gold quinhydrone electrodes were as a rule in closer agreement with 
the hydrogen electrode values than those obtained with platinum 
quinhydrone electrodes. 

SUMMARY 

Many results on soils from about P H 4.0 to 9.0 indicate that the 
constancy of the quinhydrone electrode measurements may, with an 
occasional exception, be considered good. 

Hydrogen electrode measurements of acid and alkaline soils from 
about P H 4.0 to 9.0 made on soil suspensions, using a soil-water ratio 
of 1 to 2, were on the whole reproducible and constant. Equi¬ 
librium was generally obtained in 5 to 10 minutes. 

Results on soil suspensions with hydrogen electrodes of palladium, 
platinum, or iridium black on platinum or gold foil were under 
equilibrium conditions in close agreement. 

Results on soil suspensions from about P H 4.0 to 9.0 by the hydrogen 
and quinhydrone electrode methods showed on the whole good 
agreement for soils, particularly on the acid side. On the alkaline 
side the larger variations were more frequent. 

There was excellent agreement between results obtained by the 
quinhydrone and hydrogen electrode methods on acid and alkaline 
buffer solutions up to about P H 8.0. From about P H 8.0 to 9.0— 
as high as the investigations were carried—the quinhydrone electrode 
potentials drifted gradually. 

Results obtained on buffer solutions with the quinhydrone elec¬ 
trode showed that gold-foil electrodes were preferable to platinum, 

74116—27-5 
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NODULAR LESIONS IN THE SPLEEN OF SWINE CAUSED 
BY ACTINOMYCES INFECTION 1 

By G. T. Creech 

Associate Veterinarian , Pathological Division , Bureau of Animal Industry , United 
States Department of Agriculture 

ACTINOMYCOSIS IN DOMESTIC ANIMALS 

Actinomycosis is a well-known, chronic, infectious disease of 
rather common occurrence in cattle, but is encountered less fre¬ 
quently in swine and other domestic animals. The infective agent, 
Actinomyces lovis , or ray fungus, may gain entrance through injuries 
of mucous membranes, particularly of the mouth or through abrasions 
of the skin. The lesions are usually localized but may become 
generalized. 

In hogs the primary lesions are usually found in either the tonsils 
or the mammary glands. Occasionally the infection gains entrance 
through castration wounds of pigs. 

Recorded cases of actinomycosis of swine involving the spleen or 
other internal organs are not very numerous. Zietzschmann (S) 2 
describes a generalized case but does not state whether the spleen was 
affected. Knoll (5) observed a case in a pig involving the lungs, 
liver, and other tissues, but apparently no splenic lesions were noted. 
Carl (2) mentioned a case of actinomycosis in an 8-month-old pig 
in which the lungs, liver, stomach, and spleen were affected. Among 
a number of cases reported in swine by Assmann ( 1 ) there was one 
animal which showed lesions of the mammary glands, lungs, and 
spleen. 

SOURCE OF MATERIAL 

For a number of years veterinary inspectors of the meat-inspection 
service, Bureau of Animal Industry, while making routine post¬ 
mortem inspections at slaughtering establishments, have found from 
time to time isolated cases of nodular lesions of the spleens of swine 
in which no lesions were observed in other organs or tissues. This 
apparent absence of lesions in the carcass, other than those observed 
in the spleen, and the fact that the lesions simulate somewhat those 
of tuberculosis, have served to stimulate rather unusual interest in 
these cases. 

After making a histological examination of a number of such 
nodular spleens, z'eceived at the pathological laboratory for diagnosis, 
the writer found in sections from one of them a number of small, 
red-staining bodies showing morphological characteristics of Actino¬ 
myces boviSy or ray fungus. 

Following these findings a special effort was made to obtain as 
many specimens of the nodular spleens as possible from hogs showing 
no other lesions, in order to determine the frequency of occurrence of 
the actinomycoticlike bodies in the nodules and their possible relation 
from an etiological standpoint. 


1 Received for publication July 26,1927; issued December, 1927. 

2 Reference is made by number (italic) to “Literature cited,’* p. 841. 
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It was the intention at first to make only a histological study of the 
spleens, but after examining a number of specimens, several of which 
showed bodies simulating actinomyces, it was decided also to culture 
a number of the spleens in the hope that a bacteriological examination 
would aid somewhat in establishing more definitely the causative 
factor in these cases. 

The observations recorded in this paper have extended over a 
period of several years, during which at least 50 typical specimens 
of the nodular spleens have been received at this laboratory. A 
number of the specimens w r ere forwarded for diagnosis in routine 
manner from various bureau stations; others were obtained by request 
through inspectors in charge at the large hog-slaughtering establish¬ 
ments. Most of the specimens were examined histologically but only 
about one-half of them were cultured. 

GROSS APPEARANCE OF THE NODULAR SPLEENS 

The nodules in the different spleens vary considerably in size. 
Some are little larger than the head of a pin, while others may attain 
the size of a hazelnut. More frequently they are about the size of 
a pea or a little larger. The more superficial nodules were usually 
slightly elevated above the surface of the organ. 

While on casual observation the nodular lesions in the gross speci¬ 
men are somewhat suggestive of tuberculosis, a more minute exami¬ 
nation reveals a rather distinct difference. The spleen does not 
show the extensive fibrous changes seen in tuberculosis. The nodules 
consist of a homogeneous material heavily encapsulated. The 
necrotic centers are of a cheeselike consistence in the younger lesions, 
and are usually of a greenish or greenish-yellow color. Frequently 
these necrotic masses can be readily detached and removed from the 
surrounding capsule. There is a tendency to calcification in the 
older lesions. The splenic pulp usually shows no visible changes 
outside the encapsulated nodules. 

HISTOPATHOLOGY 

Sections from affected spleens show the lesions to consist of necrotic 
centers, varying in size and usually heavily encapsulated. The 
necrotic centers are surrounded by zones of round cells, epitheloid 
cells, and leucocytes. The degenerated centers of the nodules are 
frequently seen to be undergoing calcification. In most cases little 
change was noted in the splenic tissue outside of the encapsulated 
areas. 

The actinomyces have been definitely demonstrated in seven dif¬ 
ferent specimens, or 14 per cent of the spleens examined. (See pis. 
1 to 5.) In other spleens degenerated bodies were also seen which 
were thought to be actinomyces, but they could not be definitely 
recognized as such on account of the poor staining resulting from 
degenerative changes. The undegenerated colonies, or those which 
had undergone only slight degenerative changes, were found to be 
positive to Gram’s stain. 

When the red-staining bodies were first observed in the swine 
spleens it was noted that they did not appear to be altogether typical 
of Actinomyces bovis. It is now believed that the slight morpho- 
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Plate 1 



\ m _photomicrograph of section of spleen, case 5-D, showing the only colony of the 

organism found in this specimen. X 400 , ._„ 

B—Photomicrograph of section of spleen, case 6-D, A number of small bodies 
si mil ar to the one here shown were found in this case. X 400 
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Plate 2 



•Photomicrograph of section of spleen, case 9-D. The small colony here shown 
was the only one found in the various sections examined. X 400 
•Photomicrograph of section of’spleen, case 7-F, showing the only colony that 
could be definitely recognized in this case. X 400 
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Plate 3 



A. —Photomicrograph of section of spleen, case S-F, showing the only colony found 

in this case. X 400 . „ 

B. —Photomicrograph of section of spleen, case 9-F. A considerable number of 

colonies quite characteristic of Actinomyces bovis were found in this specimen. 
X 400 
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Plate 4 
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Plate 5 



A and BPhotomicrographs of sections of spleen, case 2-R. Practically every nod¬ 
ule in this spleen contained one or more colonics. X 350 and X 250, respectively 
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Plate 6 
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logical variations noted were the result of degenerative changes, as 
somewhat similar alterations have been observed in the organisms in 
cases of actinomyces infection of bovine tissues. Doubtless there 
had been more or less degeneration of the actinomyces even in those 
cases in which they were definitely recognized, and this is thought to 
account largely for the fact that growth of the organism was obtained 
in only one of the various specimens cultured. 

In order to show the marked similarity of the pathological changes 
in the nodular spleens the following brief description is given of the 
lesions found in a number of the specimens, which are more or less 
typical of all. 

Case 3-D.—In this case there were several rather large necrotic 
areas surrounded by zones of leucocytic and round-cell infiltration, 
the whole being encapsulated. There were also a few small necrotic 
foci. No changes were observed in the splenic pulp outside of the 
encapsulated areas. 

Case 4-D.—Sections show a few small, necrotic foci which were 
rather heavily encapsulated and undergoing calcification. Accumu¬ 
lations of round cells and lecucocytes are seen within the capsules, 
and in several places there were fusions of epithelioid cells simulating 
giant-cell formation. 

Case 5-D.-—Nodules showed large necrotic centers surrounded 
by zones of cells beneath the heavy capsules. There is considerable 
calcification of the nodules. In one of the sections a small, rather 
well-defined body, quite suggestive of actinomyces, was observed, 
being the only one found in this case. (See pi. 1, A.) 

Case 6-D.—Nodules with necrotic centers showing borders of 
round cells inclosed in thick capsule. Sections from this specimen 
show several of the actinomycoticlike bodies, mostly within the 
necrotic areas. There were also a number of degenerated and 
partially degenerated colonies in the different sections examined. 
(See pi. 1, B.) 

Case 9-D.—Sections from this specimen show a number of small 
necrotic foci massed together and surrounded by a fibrous wall. 
Excessive numbers of eosinophiles were noted in the cellular infiltra¬ 
tions. At the border of one of the necrotic areas one of the small 
bodies simulating actinomyces was noted. (See pi. 2, A.) 

Case 11-D.—Practically all the nodules in this case were under¬ 
going calcification. Within the encapsulated areas were numerous 
degenerated and partially calcified bodies which in size and outline 
w T ere rather suggestive of actinomyces. A few of these bodies took 
the eosin stain but were not clearly enough defined to be identified. 

Case 1-F.—Lesions consisted of a number of small, thickly 
encapsuled nodules. Practically the entire encapsulated contents of 
the various nodules had undergone calcification. There -were no 
changes in the spleen outside of the encapsulated areas. 

Case 3-F.—In this specimen there were a few large and a number 
of small nodules in different stages of degeneration and calcification, 
all well encapsulated. 

Case 7-F.—Each of the sections in this case contained one fair¬ 
sized nodule, encapsulated, and showed the usual necrotic and 
calcified centers. In one of the sections a rather characteristic 
actinomycoticlike body was observed. A partially degenerated 
colony was also noted in one other section. (See pi. 2, B.) 
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Therefore, after taking into consideration the difficulties experienced 
by others in their attempts to produce actinomycosis by culture 
inoculations, it is not altogether surprising to find the inoculation 
results here reported negative. 

POSSIBLE MODE OF INFECTION 

The fact that the lesions in practically all of these cases appear to 
be confined to the spleen has given rise to considerable speculation as 
to the manner in which the infective agent finds its way to that organ. 
Herzog (4) is of the opinion that the ray fungus is spread by way of 
the lymphatic circulation. If we consider the close proximity of the 
spleen and stomach, and the lymphatic relation of these two organs, 
it does not appear unreasonable to assume that the infection in these 
cases first finds lodgment in the stomach, either by simple absorption 
or actual infection of the stomach wall, and eventually reaches the 
spleen either by contiguity or through the lymphatic circulation. 

During the time that these observations were being made two cases 
of actinomycotic infection of the stomach of swine came to the 
writer’s attention. One of these was diagnosed by L. E. Day at the 
branch pathological laboratory, Chicago, Ill., and the other was 
received for diagnosis at the pathological laboratory, Washington. 
In both instances the stomach wall was very much thickened and 
contained fibrous nodules, one of the cases showing necrotic and calci¬ 
fied centers. 

In the first-mentioned case the red-staining fungus growths can 
be readily seen in the lesions. (PL 6, A.) In the other the-bodies 
are very much degenerated. (PI. 6, B.) In both instances the 
lesions involve practically the entire stomach wall in places. ^ 

While the writer has no knowledge that the spleen was involved 
in either of these cases of stomach infection, there is of course the 
possibility that there might have been slight lesions in the deeper 
structures of the spleen which could not be readily detected in the 
macroscopical examination. However, regardless of such a possi¬ 
bility, the demonstration of these cases of infection of stomach wall 
strengthens the theory that the most probable way in which the 
infection may reach the spleen is through the stomach. 

It is likewise true that in some of the animals showing nodular 
spleens there may have been associated stomach lesions which were 
slight in nature, rendering them inconspicuous on post-mortem exami¬ 
nation. Such lesions being quite unusual might easily have been 
overlooked by the inspector making the post-mortem inspection. 

Feldman (3) reports a case of actinomycotic infection of the omen¬ 
tum and peritoneum of a cow in which all other organs and tissues 
were free from the disease. He was at a loss to account for the source 
of entry of the causative organism. This case is mentioned simply 
to illustrate how the actinomyces may reach an internal organ or 
tissue without leaving any visible trace to indicate its path. 

APPARENT RESISTANCE OF AFFECTED ANIMALS 

As a large percentage of hogs are slaughtered before reaching 1 year 
of age, most of the specimens of nodular spleens examined were 
obtained from animals ranging from 6 to 12 months of age. The 
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chronic character of the lesions indicates that the pigs probably 
become infected during the first few months of life. The resistance 
of the animal to this splenic type of infection is evidenced by the 
heavy fibrous wall thrown around the infected centers, and the sterile 
condition of the encapsulated necrotic material in a large percentage 
of cases. This would account for the presence of the actinomyces in 
only a small percentage of the cases examined, and as many of the 
colonies seen in sections were found to be undergoing degenerative 
changes it probably also accounts for the fact that cultures of the 
organism could be obtained from only one of the various specimens 
cultured. In other words, it would seem that the finding of the living 
or undegenerated organisms in these cases is rather difficult and 
depends largely on the age of the lesions at the time the hog is 
slaughtered. 

CONCLUSIONS 

The similarity of the lesions, both macroscopically and micro¬ 
scopically, in the cases investigated is indicative of a common etio¬ 
logical factor. 

The fact that no other possible causative factor was found in the 
lesions, and that Actinomyces bovis was recognized in at least seven 
different specimens, seems sufficient to identify this organism as the 
cause of the splenic lesions. 

The character of the lesions and the large percentage of cases in 
which the causative organism was no longer present indicate that the 
pigs probably become infected early in life, and that they are quite 
resistant to such splenic infections. 

The evidence at hand points to the stomach as the most probable 
portal of entry through which the actinomyces eventually reach the 
spleen. 
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A MODIFICATION OF BRUCE’S METHOD OF PREPAKING 
TIMBER-YIELD TABLES 12 


By L. H. Reineke 

Assistant Silviculturist , Forest Service, United States Department of Agriculture 

In Bruce’s method of preparing timber-yield tables 2 anamorphosis 
is used for constructing the curves for site classification, total basal 
area, average basal area, number of trees, and total cubic volume. 
Since, Jby construction, each, set of curves is represented by a series 
of straight lines radiating from a common point, it is evident that the 
reading of any two lines must have the same ratio at each age. Any 
curve of such a series can therefore be expressed as a percentage of 
any other curve of that series, such as the average curve. This 
attribute of anamorphically constructed series of curves 3 permits 
their expression in the form of alignment charts, the use of which 
eliminates the laborious anamorphic plotting of the data and the 
balancing of a curve for each site-index 4 class, results in increased 
accuracy, and makes interpolation and checking easier. 

# The first step in constructing these alignment charts is the prepara¬ 
tion, for site classification, of an average curve 5 over age for— 

(1) Height of average dominant tree; 
and, for the entire stand, similar curves for— 

(2) Total basal area, hereafter called stand basal area. 

(3) Average basal area, hereafter called tree basal area. 

(4) Number of trees. 

(5) Volume in cubic feet. 

These curves are similar to the graduating curves used by Bruce, 
but may be drawn in the conventional way rather than as graduating 
curves. The average points for the tree basal area curve should be 
computed from the averages of stand basal area and the numbers of 
trees used for constructing the average curves for these two factors, 
instead of using averages of tree basal areas of individual plots; 
otherwise the final curves for tree basal area will not balance. 

The curves for tree basal area, numbers of trees, and stand basal 
area are checked against each other; at any age the product of tree 
basal area and number of trees should equal the stand basal area. 


1 Received for publication June 25, 1927; issued December, 1927. 

2 Bruce, D. a method of preparing timber-yield tables. Jour. Agr. Research 32:543-557, ilius. 
1926. Errata: Figures 7 and 8 should be interchanged and the applied stand graph should be referred to 
Figure 7 instead of Figure 8. 

a This applies, of course, only to systems of curves having a common origin. 

* “Site index” is the height which the average dominant tree will have, or had, at some standard age, 
usually 50 (or 100) years. 

The site-index system should not be considered as a banding system comparable with but more finely 
subdivided than the ordinary “I, II, III” or “Good, medium, poor” system. Rather, the farmers 1 
classification of farm land as 45-bushel wheat land (in 1 year implied), or 24-bushel corn land (1 year) is 
entirely comparable with 93-foot (50-year) longleaf pine land. The only difference is that farm-land quality 
is rated by actual yield, but forest-land quality, because of the variation m yield with density of stocking, 
must be rated by measurement of some other factor (height) indicative of the productive capacity, but 
for the most part not appreciably affected by variations in density. 

The grouping of plots into 10-foot site-index classes is done only for convenience in preparing the curves, 
and in the final tables values are given for only the even 10 feet of site index to avoid bulkiness. Values 
for every foot of site index, or even smaller intervals, could be determined, but intervals less than 1 foot 
are not practicable. 

* These curves should be carefully balanced so that the sums of the positive and negative deviations are 
equal and distributed as evenly as possible throughout the length of the curve. 
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In addition to the curves listed above a so-called average forest 
form factor-age curve is drawn for checking purposes. This “forest 
form factor” is obtained by dividing the cubic volume by the product 
of stand basal area and the dominant heights 6 7 used for the site 
classification (height-age) curve. 

Age-class averages of cubic volume, height, and stand basal area 
should be used to derive the average forest form factor for each class 
instead of computing the form factor for each plot and then averag¬ 
ing the form factors by age classes. The curve thus derived is used 
to check the stand basgd area, height, and cubic volume curves 
against each other. At any age the volume should equal the product 
of stand basal area, height of the average dominant tree, and forest 
form factor. 

A site classification alignment chart is now prepared from the 
height-age curve and a percentage alignment chart. Percentage 
charts may have either arithmetic or logarithmic scales. The logar- 
rithmic type gives better intersections and readings of the same 
relative accuracy throughout and is also less cumbersome to use. 
For these reasons logarithmic charts should be employed. 

To construct the percentage chart lay out three parallel axes, 
A } B, and C (fig. 1), B midway of the others. On A and (7 lay out 
equal logarithmic scales. On B lay out a logarithmic scale with 
cycles half as large as those used on A and B, so placed that the 100 
on this scale lies exactly on the line through 100 on A and G. (Only 
the B axis need be actually graduated, as will be shown later.) A 
line passing through any two numbers on A and B will intersect 0 

at the point representing the ratio or percentage ^ X100. 

To convert this chart into the site classification chart all that is 
necessar} r is to let the graduations on the A and B axes represent 
the height of the average dominant tree in feet, and to superpose on 
A and O the scales for age and site index, as follows: 

On the A axis the ages are marked opposite the graduations cor¬ 
responding to heights read from the average height-age curve, as listed 
below, resulting in scale A. 


Height of 
average domi- 


Age in nant tree in 

years feet 

10_ 14 

15_ 26 

20_ 37 

30_ 53 

40_ 64 

50_ 71 


Height of 
average domi- 


Age in nant tree in 

years feet 

60_ 78 

70. S3 

SO__ 87 

90_ 90 

100_____ 92 


Each site index expressed as a percentage of the average site index ’ 
is then marked opposite that percentage on the O axis, resulting in 
scale O'. This may also be done graphically by drawing, from the 
classification age on A, a series of lines to G passing through the 10- 
foot intervals on B. Their intersections on <7 fix the positions of 
the 10-foot site-index graduations. The intermediate site-index 
graduations may be located in the same way. The unnecessary 


6 The dominant height is substituted for average height to permit checking the site-index curves with 
the volume and stand basal area curves. Curves for average height are not constructed by anamorphosis 
and are therefore not susceptible to such simple checking. 

7 This is the height of the average height-age curve at the classification age (50, 100, etc., yeaisj. 
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logarithmic (height and percentage) graduations on A and 0 can 
now be erased, leaving only the age graduations on A', the heights 
on B and the site indices on O'. A line through the age of a plot 
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For in per cent 
A to B, read C 
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<D 
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*e0 

< 


For site index 
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' Hold on A’ 3 r B f , read C 1 “ 
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<D 

0 
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- <D 
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•P 
Jc 
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10—* I- 1 - 10%-I 

A A' B B f C C' 

Fig. 1.—Logarithmic chart for computing percentages, converted into chart for classifying site 


120 
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<D 

4j 
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and the height of its average dominant tree will then intersect G f ,at 
the site index of that plot. 

The next step in the use of this chart is the assignment of a site- 
index value to each plot, after which the plots are grouped by site- 
index classes (10-foot classes preferably). 
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Working first with stand basal area, an estimated stand basal 
area corresponding to the age of the plot is read from the average 
stand basal area-age curve. (Fig. 2, A.) Both observed and estimated 


10 20 30 40 5 0 60 70 80 90 100 110 120 

Age —years 



0 to 20 30 40 50 60 70 80 90 100 1 10 120 

Site index 

Pig. 2.—Curves used for preparing alignment chart stand basal area: A, average curve over age, 
used to graduate age axis in Figure 3; B, average curve over site index, used to graduate site- 
index axis in Figure 3 

areas are then totalled by site-index classes and the sums of the 
observed values expressed as percentages of the sums of the estimated. 
Table 1 illustrates this. These percentages are than plotted over 
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the average site index of the class and curved, as in Figure 2, B. 
Similar curves are prepared for tree basal area, number of trees, and 
cubic volume, and are checked against each other. For each site 
index the percentage of stand basal area should equal the product *of 
the percentage of number of trees and percentage of tree basal area. 8 
The cubic volume curve could be checked through forest form factor, 
but ordinarily such a check is not needed, since the volume per cent - 
site index curve is usually a well-defined and straight or nearly 
straight line. Readings from the curve for stand basal area are then 
superposed on a percentage alinement chart, as was done for the 
site classification chart; the ages as obtained from the average stand 
basal area-age curve appearing on the A axis, and the site indices, 
froin the stand basal area per cent-site index curve, appearing on the 
C axis. Similar charts are derived for tree basal area and diameter, 
number of trees, and total volume of peeled stem wood in cubic feet. 


Table 1 . —Computations of stand basal areas , by site . index classes, as percent' 
ages of stand basal area of average site index 


Plot No. 

Num¬ 
ber of 
plots 

Site index 

Age 

Stand basal area 

Estimated 

from 

Observed average 
; curve 
\ over age 

Observed 
in per 
cent of 
estimated 

R. 


31 

36 

Years 

16 

24 

21 

•V 

56 

42 

Sq.ft 

83 

102 

97 

Per cent 

4ft __ 



31 _ __ ___! _ __ 1 

39 


Total...... 



3 

106 

35.3 


134 

282 


Average - __ -__ 

. 


47.5 

112. 





40 

41 

49 

47 

48 

32 

27 

44 

34 

20 

46 

110 

48 

48 

116 

108 

133 

119 


80. .. 



168 _ 



119.1. 


25. _ _ '_ 

94 







Total..-... 

5 

225 

45.0 


329 

570 


Average._____ 


57.7 

55 . 






50 

57 

25 

40 

51 

86 

104 

128 


153. 



Total °_ _ _ __ 



10 

545 

54.5 


935 

1,223 


Average_ 


76.5 






SUMMARY 


3 

35.3 


134 

282 

47.5 


5 

45.0 

. 

329 

570 

57.7 


10 

54.5 

. 

935 

1,223 

76.5 


72 

65.2 


8,183 

8,835 

92.6 


70 

74.1 


8,894 

8,715 

102.1 


38 

83.4 


5,354 

4,620 

115.9 


15 

94.0 


3,937 

1,573 

123.1 


2 

103.0 

. 

232 

182 

127.5 


3 

113.0 


311 

268 

116.0 

Total__...___ 

218 



26,309 

26,268 





. 




■ Totals are for 10 plots in this group, of which only 2 are shown. 


s If the average curves over age have not been perfectly balanced these curves will not pass through 100 
per cent at the average site index. Thus a simple check is combined with an automatic correction for 
any maceuracigs ip balancing the curves drawn in the first steps. 
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To avoid the necessity for first constructing percentage charts, a 
somewhat different procedure may be followed. The three parallel 
axes are first drawn, not necessarily at uniform intervals. On the 
central axis a logarithmic scale of stand basal area is entered, as in 
Figure 3 . Any point P is then temporarily marked on G as the 
position of the average site-index graduation. Lines drawn from P 
and intersecting B at values read from the average stand basal area- 
age curve will intersect A at the location of the corresponding age 
graduations. 

For locating the site index graduation on 0 the graduations of B 
are temporarily considered as percentages, and a line from P, through 
100 per cent, locates a point P' on A. Lines from P', intersecting B 
at percentages, read from the stand basal area per cent site-index 
curve, will intersect G at the position of the corresponding site-index 
graduations. 

Charts for each of the other factors are similarly constructed. 
The chart for tree basal area can be read directly in terms of average 
breast-high diameters by marking the diameters along the B scale 
where the corresponding basal areas appear, as in Figure 4 . Per¬ 
centages for tree basal area should be computed from totals of stand 
basal area and number of trees by site-index classes. 

This chart for diameters is also used for obtaining partial-stand 
values in terms of percentages of the corresponding total-stand values. 
The curves described by Bruce 9 are used for this. 

A point (P, fig. 4 ) is permanently marked to the right of the A' 
axis. A series of axes parallel to X are drawn (P, < 7 , P, etc.), their 
number depending on the number of ratios to be represented. Per- # 
centages are then marked on these axes at their intersection with 
lines, from P, through the corresponding average breast-high diam¬ 
eters of the total stand on X\ The same procedure is followed for the 
average diameters of the partial stands, except that the curves used 
by Bruce (difference between partial and total stand diameters over 
total stand diameter) are replaced by curves of partial-stand diameters 
over the entire-stand diameter. 

Only a few graduations on the axis of any of the alignment charts 
need be located by intersection. The distances of these from any 
fixed point on the axis are then curved over the value of the gradua¬ 
tion (age, site, index, diameter, etc.) and the distances of the inter¬ 
mediate graduations transferred from this curve. Figure 3 illustrates 
the location of the intermediate site-index graduations from the curve 
passing through the distances of the 10-foot graduations. 

When the aggregate checks of the various factors are made it will 
be necessary in the case of tree basal area to weight the values for 
each plot by the observed number of trees; this is equivalent to com¬ 
paring the observed stand basal area with that obtained by multiply¬ 
ing estimated tree basal area by the observed number of trees. 

By Bruce's method the fit of the radiants indicates whether or not 
anamorphosis can be legitimately employed in preparing the curves. 
A consistent failure of the points to fall into straight lines indicates 
that the method is not suitable. 

With the modifications here presented the applicability of anamor¬ 
phosis can be tested as follows: The observed values and the estimated 


* Bruce, D. Op. cit. p. 549, fig. 5; p. 551, fig. 6. 

74116—27-6 
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values corresponding to the age and site index of each plot are grouped, 
summed, and averaged by 10-year age—10-foot site-index classes. 
The deviations of the observed averages from the estimated aver- 



Fig. 4.— -Alignment chart for tree basal area with scale reading in terms of average d. b. h. (£'). 

The additional axes, D to JT, are graduated to show the partial stand values in per cent of the 
total stand values when a straight line is passed through P and the average d. b. h. of the total 
stand 

ages are plotted over age by site-index classes. Failure of the method 
to fit wifi be indicated by a series of progressively changing curves. 
This is not the case with stand basal area in the illustrative example as 
shown in Figure 5 . Such a test, so essential in the development 
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Fig. 5— Percentage deviations of stand basal area plotted over age, by 10 foot site-index classes, 
showing that no consistent departure from the chart values exists, thus proving that the method 
used introduces no distortion 
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Pig. 6, —-Composite chart for total-stand and partial-stand values. All total-stand values are read 
on the central scale. The two outer seales, A and A', are used with X for multiplying total- 
stand values by partial-stand percentages to get partial-stand values. (See appendix for instruc¬ 
tions for using this chart 
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of a new technic, is of little value now. Experience with nine species 
of diversified characteristics has justified the assumptions basic to 
the method. 

Separate charts need not be made for each factor; they may be 
combined into a single chart by using a common central axis for all 
factors and separate outside axes for each factor, as shown in Figure 
6. In this case the readings on the central logarithmic scale are mul¬ 
tiplied or divided by 10 or 100, as necessary for the factor considered. 

An additional pair of scales used in conjunction with the central 



Fig. 7.— Intercept curves for stand-table graph. The diameters at which the basic frequency 
curves intercept the 95 and 0.01 ordinates are plotted over the average diameters (by basal area) of 
the respective frequency curves. The curves fitted to these points are used to construct the A and 
jB scales of Figure 8 

one can be profitably added to this chart for multiplying total stand 
values by percentages to get partial stand values (A and A ', fig. 6). 
These will be ordinary logarithmic scales with cycles matched with 
those of the central scale. 

Stand tables may also be included by using a series of percentage 
scales, but a more usable and simpler way of presenting them is by 
means of the stand-table graph employing “frequency” paper where 
such paper fits the data. In a number of cases the arithmetic paper 
specifically described by Bruce has failed to represent the data by 
straight lines. With one species the logarithmic type was resorted 
to in order to straighten the frequency curves. For another species 
neither type of paper gave satisfactory results at first. Straight 
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lines were finally; obtained by plotting the percentages on logarithmic 
paper over the diameter 'plus a constant. Thisconstant was the same 
for stands of any average diameter. For still another species the 
constant added varied with the average diameter of the stand, the 


Scale A- 

5 


v'.d.b.k -inches 


o 0.05 
-a n i 


±! 30 

40 


Scale B-av.d.b. hr inches 


0 2 4 6 8 to 12 14 16 18 20 22 24 26 28 30 

Scale C-diameter limit-inches 

Fig. 8 .—Stand-table chart. The frequency distribution in a stand will be shown by a straight line 
passing through the A and B scales at the average diameter (by basal area) of the stand 

best results being obtained when the constant added for each stand 
was the same as its average diameter. 

The pair of charts used by Bruce for presenting the stand tables 
graphically can be simplified and combined in one chart, easier to 
use, by substituting two additional scales to take the place of his 
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two curves of standard deviation and average diameter. To do this, 
two somewhat similar curves are prepared from the readings of the 
basic frequency curves 10 at percentages as far apart on the chart as 
convenient—in the example given here the readings of 95 and 0.01 
per cent are used. The diameters at which each frequency curve 
intercepts the two percentage lines selected are plotted over the 
average diameter for this frequency curve. A curve is fitted to each 
of the two series of points, as shown in Figure 7. Reading back 
from these two curves, two scales of average diameter are constructed 
along the percentage lines. These are scales A and B in Figure 8. 
To locate the line representing the frequency distribution in a stand 
of given average diameter all that is necessary is to draw a line 
passing through this average diameter on both of the A and B scales. 

It will be noted that the frequency graph presented here has per¬ 
centages along the vertical scale and diameters along the horizontal 
scale, in keeping with the standard practice of using abscissas for 
the independent variable and ordinates for the dependent variable. 
The frequency paper as printed does not conform to this standard. 

SUMMARY 

The modification here reported of Bruce’s method of preparing 
timber-yield tables consists, chiefly, in expressing the conventional 
system of curves by means of alignment charts. The curves devel¬ 
oped by Bruce’s method may be converted into alignment-chart 
form, but several advantages accrue from deriving the alignment 
charts directly from the basic data. Chief among these advantages 
are the reduction in the number of curves to be fitted, with a conse¬ 
quent increase in definition of each curve, and the saving in labor 
made possible by the ease of interpolating the alignment charts for 
any age and site index. In addition to the saving of labor in pre¬ 
paring the yield tables the alignment-chart form permits the presen¬ 
tation of final results in greatly condensed form; a single sheet of 
pocket notebook size is sufficient to carry the results with enough 
accuracy for field use. 

To insure greater accuracy an additional cross check between 
height, stand basal area, cubic volume, and “forest form factor” has 
been incorporated. Several minor errors in Bruce’s method have 
been corrected. A simpler method of computing and graphically 
presenting stand tables has been described. 

The method, as modified, has no disadvantages not inherent in 
Bruce’s method, except that partial-stand values can not be read 
directly but must be obtained through converting factors. It has all 
the advantages of Bruce’s method plus the advantages resulting from 
the use of alignment charts. 


w The basic curves should be prepared from the data grouped by average-diameter classes, instead of by 
age-site index classes as used by Bruce. No variation in form of the curves has been detected between 
stands of the same average diameter but of different age or site quality. The age-site index grouping was 
desirable, in technic development, for analysis. Since the soundness of the technic has been established, 
however, it is more desirable to use the grouping by average diameter, with its resultant stronger, fewer 
curves. 
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APPENDIX 

INSTRUCTIONS FOR USING ALIGNMENT CHART YIELD TABLE 


For— 


A. For site classification hold age on B> hold height 

of average dominant on X, and read site 
index on B'. 

B. Height of average dominant--— 

C. Entire stand: 

1. Average d. b. h., inches- 

2. Tree basal area, square feet- 

3. Number of trees per acre_ 

4. Basal area, square feet per acre- 

5. Volume, total, less bark, cubic feet per aere- 

D. Partial stand: For any of the five factors listed 

under C determine its entire-stand value first. 
Determine average d. b. h. (C-l) also. Pass 
a line through this average d. b. h. (on X') 
and the point P'. 

1. For the stand 4 inches plus— 

Head average d. b. h. on_ 

Head per cent number of trees on_ 

Head per cent volume (cubic feet) on_ - 
Head cubic feet per cord on_I 

2. For the stand 7 inches plus— 

Head average d. b. h. on_ 

Head per cent number of trees on_ 

Head board feet per cubic foot on_ 

3. For the dominant stand— 

Head average d. b. h. on_ 

Head per cent number of trees on_ 



Hold si 
on— 


Read- 


Multi- 
piy by— 


B 


C 

C 

D 

E 

F 


B' 

X 


C' 

X' 


O' 

X 

0. 01 

D' 

X 

10 

E' 

X 


F' 

X 

100 


L 

N 

O 

M 

I 

G 

H 

J 

K 


Multiply the entire-stand values by the percentages and ratios read, holding 
the entire-stand value on A t the percentage or ration on A ', reading the partial- 
stand value on X pointing off as with a slide rule. 

Notes. —The cubic feet per cord values (M) represent the ratio of cubic feet 
(entire stem, less bark) to cords (to 3-inch top d. i. b.) 

The board feet per cubic foot values ( H ) represent the ratio 

Board feet stand 7-inch plus 
Total cubic feet entire stand. 




























THE SUPPLEMENTARY RELATION BETWEEN THE PRO¬ 
TEINS OF CORN AND OF TANKAGE DETERMINED BY 
METABOLISM EXPERIMENTS ON SWINE 1 

By H. H. Mitchell and C. H. Kick, Division of Animal Nutrition f Illinois 
Agricultural Experiment Station 

INTRODUCTION 

High-grade tankage, or meat meal, is one of the most effective 
supplements to corn in the growing and fattening of swine. The 
tankage supplements the corn (1) by contributing calcium to a feed 
that is exceptionally low in this essential mineral, and (2) by supply¬ 
ing a large quantity of protein to a feed comparatively deficient in 
this material. 

This paper is concerned with the protein relation between corn and 
tankage, and particularly with the question whether the effect of 
tankage proteins in this combination is due only to their intrinsic 
value in nutrition, or whether it is also due to a supplementary rela¬ 
tion with the proteins of corn, by which each source of protein 
increases the utilization of the other in anabolism. The problem 
evidently requires the biological evaluation of the proteins of com and 
tankage alone and in combination by the use of quantitative methods. 

For reasons that have been discussed fully elsewhere (8), 2 it appears 
that the most direct method of studying the biological efficiency of 
the proteins from different food materials is the nitrogen metabolism 
experiment, in which the wastage of dietary nitrogen in digestion 
and metabolism can be determined from the nitrogen excretion in 
feces and urine as compared with the excretions on a nonnitrogenous 
diet. It is true that the values thus obtained relate to the total nitro¬ 
gen or the crude protein of the food material rather than to the true pro¬ 
tein; however, it appears that the nonprotein nitrogenous constituents 
of foods should not be disregarded in determining their protein 
values (12) } even though it were possible to do so in such experimental 
investigations. 

PREVIOUS INVESTIGATIONS 

A number of investigations of the nitrogen metabolism of growing 
pigs receiving protein from individual feeds or from definite com¬ 
binations of feeds have been reported by McCollum (6) and by Hart 
and Steenbock (8) from the Wisconsin Agricultural Experiment 
Station. In these investigations the biological efficiency of the pro¬ 
tein fed is measured by the nitrogen balance, expressed either as a 
percentage of the nitrogen intake, or as a percentage of the absorbed 
nitrogen, determined in the usual way. While these measures may 
p possess a good deal of practical significance, their scientific value is 
impaired by the fact that the nitrogen balance does not represent the 
total retention of nitrogen from the nitrogen consumed or absorbed, 


1 Received for publication Aug. 4,1927; issued December, 1927. 

2 Reference is made by number (italics) to “ Literature cited,” p. 863. 
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since it neglects the nitrogen used for maintenance. In replacing 
nitrogen losses from the body occurring as a result of the endogenous 
katabolism, dietary nitrogen is serving in a substitutive way, as con¬ 
trasted with its additive utilization in growth, represented by the 
nitrogen balance. A comparison of the intake of nitrogen with the 
nitrogen added to the body neglects the nitrogen that is replacing 
body nitrogen, and hence is crediting the intake with only part of 
its actual usefulness in covering the protein requirements of the 
animal. 

These measures of biological efficiency are, therefore, too low; they 
will vary not only with the quality of protein fed, but also with the 
amount consumed. The greater the consumption of a given protein 
the greater the proportion of it that will be used for growth and the 
more nearly will the nitrogen balance represent its total value to the 
body, and consequently the higher will the percentage “retention” 
become. 

This objection to such measures of protein efficiency is overcome 
by measuring what has been called by Thomas {15) the “biological 
value” of the dietary protein (nitrogen). The biological value is 
the percentage of the absorbed nitrogen that is retained for both 
maintenance and growth, and hence is not eliminated in the urine. 
Its calculation involves indirect estimations of the food nitrogen in 
both feces and urine, as distinguished from excreted body nitrogen. 
Methods by which these estimations maybe made and the assumptions 
necessarily involved have been discussed by one of the present 
authors (§). These methods, originally used in metabolism experi¬ 
ments on rats, have been successfully applied to pigs in the 
experiments to be described in this paper. 

The metabolism experiments of McCollum and of Hart and Steen- 
bock may be recomputed so as to yield estimates of the biological 
values of the proteins fed by assuming average values of the endog¬ 
enous losses of nitrogen by pigs (S). In McCollum's experiments 
(6) the endogenous losses of nitrogen in the urine may be estimated 
from the observed excretions of creatinine nitrogen on the basis of 
earlier observations of this investigator (7) to the effect that the 
total endogenous nitrogen in the pig averages 5.5 times the creatinine 
nitrogen. These calculations give average biological values of 48 
for com (5 pigs) compared with 44 for wheat (4 pigs), 42 for oats 
(4 pigs), 67 for casein (1 pig), and 80 for milk (1 pig) on rations con¬ 
taining from 7 to 17 per cent of protein. 

Experiments by Hart and Steenbock (5) on swine, recalculated in 
a less satisfactory way («?), have indicated a biological value of 60 
for com proteins. In a number of experiments on rats one of the 
writers has obtained {10) an average biological value of 60 for corn 
proteins at a 10 per cent level of intake. 

The only experiments of which the writers are aware relating to * 
the biological value of tankage were published from this laboratory 
over three years ago {10). In six experiments upon three rats an 
average biological value of 31 was obtained on a ration containing 
10 per cent of tankage protein. That a low biological value may be 
characteristic of the proteins of several animal by-products is also 
indicated by other experiments of Hart and Steenbock on swine {2). 
Recalculating the results of these experiments on the assumption of 
average endogenous losses of nitrogen, an average biological value of 
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49 was obtained for meat crisps and 58 for fish meal from three pigs 
in each case. 

A combination of corn proteins and tankage proteins in equal parts 
has been shown to have an average biological value of 62 for rats (11), 
somewhat higher than the value for corn alone at the same level of 
intake, i. e.,_ lOper cent. The experiments of Hart and Steenbock 
(2) on pigs indicate a biological value of 68 for a mixture of com 
and tankage proteins in the proportion of approximately 3 to 2. 

From the results on rats it appears that the proteins of tankage 
are of exceptionally low biological value, but that when combined 
with corn proteins such a marked supplementary relation exists that 
the mixture possesses a slightly higher biological value than the pro¬ 
teins of corn. The data available on swine, such as they are, tend to 
support this conclusion, but they are not sufficiently exact to demon¬ 
strate it. Hence an experiment on pigs, carried out in essentially 
the same maimer as those previously reported on rats, has been 
undertaken with the results described below. 

METHODS 

Eight young Poland-China barrows were used in this investigation. 
They were confined in metabolism crates very similar in construction 
to that described by Forbes (1 ), the only essential difference consisting 
in the substitution of a fine copper screen for the cloth used to retain 
the feces. Collections of feces and urine were made daily, and the 
length of collection periods in all cases, except where otherwise indi¬ 
cated in the tables, was 10 days. 

The urine and washings from the crates were aliquoted daily and 
composited for analysis. The feces were coEected, dried at temper¬ 
atures of 65° C. or less, ground finely, and analyzed. Nitrogen 
determinations on feed, feces, and urine were made according to the 
Gunning-Arnold-Dyer modification of the Kjeldahl method. 

The pigs were first placed on a nitrogen-free ration consisting of a 
high-grade cornstarch 96 per cent and a mineral mixture 4 per cent. 
The mineral mixture used contained steamed bone meal 30 parts, 
ground limestone 30 parts, sodium chloride 30 parts, magnesium 
carbonate 3 parts, potassium carbonate 3 parts, potassium sulphate 
2 parts, ferric chloride 1.5 parts, and potassium iodide 0.5 part. 

After 12 to 14 days on this ration it was found that the output of 
urinary nitrogen had reached a level, and the first standardizing 
period was started at this time, using the starch and salts ration. 

The second experimental period involved the feeding of com, the 
third period the feeding of corn and tankage in the proportion of 
2 parts of corn nitrogen to 1 part of tankage nitrogen, the fourth 
period the feeding of tankage alone, while the fifth period was a final 
standardizing period on starch and salts. All of these rations con¬ 
tained 4 per cent of the mineral mixture described above and either 
2 or, in the later experiments, 5 per cent of cod-liver oE. The amount 
of protein-containing foods and of starch used was adjusted so that 
the ration would contain approximately 8 to 10 per cent of crude 
protein, but this result was not attained in aE cases; the nitrogen 
content of the rations exclusive of the cod-liver oE, which was added 
when the rations were offered to the pigs, was as shown in Table 1. 
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Table 1 . —Nitrogen content of the experimental rations a 


Nitrogen content of— 


Corn 

Corn and 
tankage 

Tankage 

Per cent 

Per cent 

Per cent 

1.28 

1.06 

1.25 

1.39 

1.49 

1.62 


a These rations were analyzed before the addition of the cod-liver oil. The cod-liver oil was added to 
the feed just before it was given to the pigs. 


A good grade of yellow com and guaranteed 60 per cent tankage 
were used in these experiments. The experimental periods were sepa¬ 
rated by 7 to 10 days of preliminary feeding, in which the pigs received 
the same rations in the same amounts as were fed in the following 
collection period. 


EXPERIMENTAL RESULTS 

The results of these nitrogen balance studies are assembled in 
Table 2, together with the biological values computed from them and 
the more significant intermediate values. 

The biological values calculated for the different rations presumably 
represent the percentages of the absorbed nitrogen used by growing 
pigs for both maintenance and growth. Their calculation involves 
the assumption that the excretion of fecal nitrogen per kilogram of 
food consumed on the nitrogen-free ration in the first and final 
periods measures the excretion of body nitrogen in the feces in the 
intervening periods. 3 The change in the excretion of the fecal 
nitrogen per kilogram of nitrogen-free ration from the first to the 
fifth period is assumed to occur in a linear fashion with respect to 
time. The second assumption involved in these calculations is that 
the excretion of nitrogen in the mine per kilogram of body weight in 
the first and final periods of nitrogen-free feeding is a measure of the 
excretion of body nitrogen in the urine in the intervening periods, the 
change in these values from the first to the fifth period being also 
assumed to be linear. 

For convenience of study, the biological values obtained from the 
nitrogen metabolism experiments have been collected in Table 3, 
together with computations of the true digestibility of the dietary 
protein, allowance being made for the metabolic fecal nitrogen. 


8 In a recent paper appearing in this Journal (!&), H. W. Titus concludes that “the fecal nitrogen excre¬ 
tion of a steer consuming a nitrogen-free ration can not safely be taken as a measure of the metabolic nitrogen 
in the feces of the animal when consuming an equal weight of a given feeding stuff.** It appears to the 
present writers, however, that this conclusion is based upon a debatable mathematical interpretation 
of data obtained on nitrogen-containing rations. Equation (3) of this article seems contradictory 
to the conclusion stated, and yet it is used in the argument upon which the conclusion is based. From the 
fact that the total fecal nitrogen in his experiments appeared to be positively correlated with the moisture 
content of the feces, Titus concludes that “the amount of metabolic nitrogen in the feces of a steer is in¬ 
fluenced, among other things, by the water content of the feces,” without disposing of the equally 
plausible alternative explanation that the digestibility of the feed nitrogen is so influenced. Thus, 
it is quite possible that equation (2) would be more accurate if it did not contain the b term; in which 
case, again, the conclusion of Titus first quoted would become untenable. Therefore, there appears to be 
nothing in the data or arguments that Titus has offered which necessarily contradicts the position taken 
in this and other papers from this laboratory, that the metabolic nitrogen in the feces from a given ration 
may be satisfactorily estimated from the fecal nitrogen produced on an equal amount of nitrogen-free dry 
matter of approximately the same crude-fiber content. 
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Table 2. —Nitrogen metabolism data and the calculation of biological values 
PERIOD I. STARCH RATION' 


Animal No. 


1_. 

2 _. 

3_. 

4 C . 

5 C _ 

6 d 

7 C 


Initial weight 

Final weight 

Food intake 

Nitrogen intake 

Fecal nitrogen 

Metabolic nitro¬ 
gen in feces 

Kgm. 

Kgm. 

Gm. 

Gm. 

Gm. 

Gm. 

35.2 

35.4 

520 


0.58 

*1.12 

35.2 

36.5 

520 


.43 

“.83 

39.0 

39.0 

520 


. 45 

87 

56.2 

52.6 

1.000 


.72 

“.72 

50.3 

50.8 

1,000 


1.04 

“1.04 

48.1 

45.4 

1,000 


.54 

54 

43.1 

43.5 

1,000 


. 75 

“.75 

50.3 

49.9 

1,000 

. 

.90 

«. 90 


Food nitrogen in 
feces 

Absorbed nitrogen 

Gm. 

Gm. 








1 



i 

\ 

.i. 


ll 

li 


Gm. 

1.81 

1.80 

2.07 

4.39 

2.71 

3.47 

2.48 
3.75 


Gm. 

{*0.051 
{*.050 
K 053 
& 081 
6.054 
6.074 
6.057 
6.075 


flS 

*cJ 

8 


Gm. 


£ 

pi 

|| 


Gm. 


*S5 


PcL 


PERIOD 2. CORN RATION 


i. 

37 6 

37.4 

600 

7.68 

2.16 

0 62 1.54 

1 

6.14 | 4.55 

1.95 

2.60 

3.54 

58 

2. 

37.6 

37.4 

600 

7.68 

1. 79 

. 55 1.24 

6.44 ; 5.08 

1.87 

3. 21 

3.23 

50 

3.. 

40 8 

40.6 

600 

7.68 

2. 01 

. 56 1.45 

6. 23 ; 4.84 

2. OS 

2.76 

3.47 

56 

4... 

57.6 

58.1 

1,000 

13.62 

2.51 

.77 1.74 

11.88 1 8.82 

4.27 

4.55 

7.33 

62 

5..._J 

52.2 

54.0 i 

1,000 

13.62 

3.03 

LOO ' 2 03 

11.59 ! 8,85 ! 

2.82 

6.03 

5.56 

48 

6_.. 

49.9 i 

i 51.3 | 

1,000 

13.62 

2.32 | 

. 62 ; 1.70 

11 92 \ 8.91 j 

3.31 

5.60 

6.32 | 

53 

7. ! 

45.8 

46.7 . 

1,000 

13.62 

2.61 

.93 ! 1.68 

11.94 j 8.60 

2.85 

5.75 

6.19 1 

52 

8 . 

51.7 

52.6 

1,000 

13.62 

2.76 

.88 . 1.88 

1 

11.74 S. 85 

3.46 

5.39 

6.35 

54 


PERIOD 3. CORN AND TANKAGE RATION 


1__... 

38.1 

38.6 

700 

7.29 

1.72 

0. 66 

j 

1.06 | 6.23 

4.35 

2.01 

2.34 

3.89 

62 

2_.. 

38.6 

39.0 

700 

7.29 

1.39 

.71 

. 68 ‘ 6.61 

4.35 

1.92 

2.43 

4,18 

63 

3_ 

41.3 

43.8 

700 

7.29 

1. 63 

.69 

.94 ! 6.35 

4.70 

2.08 

2.62 

3.73 

59 

4_. 

60.1 

61.2 

1,000 

14.60 

4. 67 

.82 

3.85 ! 10.75 

7.94 

4.06 

3.88 

6.87 

64 

5__. 

56.0 

57.4 

1,000 

14 60 

3.97 

.96 

3.01 ; 11.59 

7.81 

3 . 00 ; 

4.81 

6.78 

58 

6. 

53.1 

55 .6 

1,000 

14. 60 

2.97 

.70 

2.27 j 12.33 

7.53 

3.09 , 

4.44 

7.89 

64 

7... 

48.5 

50.8 

1,000 

14.60 

4.51 

1.11 

3.40 , 11.20 

7.74 

3.28 

4.46 

6.74 

60 

8... 

54.2 

56.2 

1,000 

1 

14.60 

4.26 

.85 

3.41 j 11.19 

| 8.24 

3.19 

5.05 

1 

6.14 

1 

55 


PERIOD 4. TANKAGE RATION 


1 .j 

38.6 

| 39.7 

700 1 

8.61 

1.94 , 

0 60 

! 

1.34 I 

7.27 

i 

5.81 ■ 

2.08 

3.76 

1 3.51 

48 

2__! 

38.6 

t 39.7 

700 

8.61 

i 1.87 j 

.76 

1.11 ! 

7. 50 

5.88 

1.91 

3.97 

3.53 

47 

3. 

41.7 

1 41.1 

700 , 

8 61 

! 2.21 1 

.74 

1.47 | 

7.14 

6.90 

1.93 

| 4.97 

2.17 

30 

4.-. 

64.4 

65.3 

1,000 

15.89 

i 5.69 S 

.87 

4.82 ' 

11.07 

9.65 

3.88 

5.77 

5.30 

48 


59.4 

59.9 

893 i 

14 19 

5.04 i 

.81 

4.23 

9.96 

8.95 

3.13 

! 5.82 

4.14 

42 

6... 

57.2 

58.5 

1,000 ! 

15.89 

5.16 j 

.78 

4 38 J 

11.51 

10.40 

2.79 ! 

i 7.61 

3.90 

34 

7. 

53.1 

55.3 

1,000 

15 89 

4.S4 

1. 29 

3.55 

12.34 ! 

9.46 

; 3.81 

| 5.65 

6.69 

54 

8. 

56.9 

59.2 

1,000 

15.89 

! 6.62 

.82 

5.80 

j 10.09 

9.70 

j 2.86 

i 

6.84 

3.25 

32 


PERIOD 5. STARCH RATION 


1. 

2 . 

3. 


4 e . 



40.1 

41.5 

700 


39.9 

40.8 

700 


40 8 

41.3 

700 

_ f _ 

66.5 

69.6 

1,000 


61,7 

64.4 | 

1,000 


59.2 

61.2 

1,000 


54.7 

55.6 ! 

1,000 


60.3 

61.2 | 

j 1,000 



0.54 

“0. 77 

.82 

“1.17 

.77 

“1.10 

.92 

92 

.87 

87 

.82 

“.82 

1.47 1 

“1.47 

.80 

“.SO 




6 0.054 . 
6.048 !. 
6.045 I. 
6.053 . 
6.052 . 
6.039 . 
6.075 . 
6.041 , 


a Fecal nitrogen per kilogram of dry feed. These values were used m estimating the metabolic nitrogen 
in the feces m periods 2, 3, and 4. The change in the ratio of metabolic nitrogen to dry matter consumed 
from period 1 to period 5 was assumed to occur in a linear fashion. 

6 Urinary nitrogen per kilogram of body weight. These values were used in estimating the endogenous 
(body) nitrogen m the urine m penods 2,3, and 4, the same assumption of a linear variation from period 1 
to period 5 being made as in the case of the metabolic nitrogen in the feces. 

* This is a 7-day collection period instead of a 10-day period. 

d This is a 4-day collection period. 

* This is an 8-day collection period. 
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Table 3. —A summary of the coefficients of digestibility and the biological values of 

protein 


Pig No. 

Coefficients of digestibility of 
protein. ® 

Biological values of protein 

Corn 

Corn and 
tankage 

Tankage 

Corn 

Corn and 
tankage 

Tankage 


80 

85 

84 

58 

62 

48 

2 . 

84 

91 

87 

50 

63 

47 

3. 

81 

87 

83 

56 

59 

30 

4. 

87 

74 

70 

62 

64 

48 


85 

79 

70 

48 

58 

42 

6 . 

87 

84 

72 

53 

64 

34 


88 

78 

78 

52 

60 

54 

S. 

86 

77 

63 

54 

55 j 

32 

Average. 

85 

82 

76 

54 

61 

1 

42 


® Corrected for metabolic nitrogen in the feces. 


The experiments on pigs 1, 2, and 3 preceded the experiments on 
pigs 4, 5, 6, 7, and 8 by about one year. 4 Some of the differences in 
the results obtained with these two groups of animals, particularly 
with reference to digestibility of the protein, may therefore be related 
to differences in the lots of feed used. 

The digestion coefficients were obtained from the estimates of 
absorbed nitrogen given in Table 2, which involve the assumption 
that the excretion of total fecal nitrogen in periods 1 and 5, when the 
pigs were on nitrogen-free rations, measures the excretion of metab¬ 
olic nitrogen in the feces on equal amounts of protein-containing 
rations. The justification for this assumption has been discussed 
at some length by one of the writers in another publication (12). 

In these trials the average true digestibility of the nitrogen of corn 
was 85 per cent. The coefficients for the last five pigs were appreciably 
higher than those for the first three pigs. The tankage used with 
the group of five pigs was evidently much less digestible than that 
used for the group of three pigs. This difference is reflected in the 
coefficients obtained with the combination of corn and tankage. 

The biological values, however, do not show these group diffei- 
ences, although considerable variation among individual results is 
evident for each ration. The average value for corn protein alone 
was 54, for tankage protein alone 42, and for corn and tankage 
proteins in the proportion of 2 to 1, 61. The average results thus 
confirm the general conclusions of the rat-feeding experiments 
previously published (11) to the effect that tankage protein (nitrogen) 
is of lower biological value than the protein of corn, but that, when 
combined with corn proteins, a protein mixture superior in quality 
to that of corn is obtained. 

Each of the eight pigs, with one exception, gave the lowest biological 
value for tankage proteins, an intermediate value for corn proteins, 
and the highest value for the combined proteins. The exceptional 
pig, No. 7, would fall in line with the others if the exceptionally high 
biological value for tankage protein could reasonably be considered 
in error. In looking over the data for this pig for period 4 on tankage 


* The experiments on pigs 1,2, and 3 were run from Sept. 24 to I>ec. 23,1925; those on the remaining pigs 
were ran from Nov. 1,1926, to Peb. 10,1927. 
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feeding, the urinary nitrogen is not exceptionally low, but the absorbed 
nitrogen appears to be estimated too high, due to an abnormally high 
metabolic nitrogen factor obtained in the following period. The 
individual data may reasonably be considered, therefore, as sub¬ 
stantiating unanimously the conclusion indicated by the average 
biological values for the proteins of the three experimental rations. 

The low biological value of tankage proteins (nitrogen) is not a 
matter of surprise when it is considered that much of the protein 
material of which tankage is composed if of low biological value. 
The bone in tankage, as well as much of the soft tissues, carries 
albuminoid proteins (particularly collagen) of low nutritive value, 
and the blood protein, which is commonly added for the purpose of 
adjusting the nitrogen content to the guaranteed value, must also 
be classed as of low biological value. Steck (14) has obtained very 
definite indications that hemoglobin, constituting almost two-thirds 
of the protein of blood, is poorly utilized in anabolism, while Hoagland 
and Snider (4) have not obtained economical growth in rats on blood 
serum proteins alone. 

Nor is the marked supplementary relation between tankage and 
corn proteins quite unexpected. Animal tissue proteins have been 
shown to possess a high supplemental value for cereal proteins by one of 
the writers (IS) and, more extensively, by Hoagland and Snider (5). 

SUMMARY 

In nitrogen metabolism studies on eight growing pigs, the true 
digestibility and the biological value of the proteins (nitrogen) of 
corn and of tankage, as well as of a mixture of these in the ratio of 
2 to 1, were determined by methods that have heretofore been applied 
to rats only. 

The average coefficients of digestibility of protein, corrected for 
the metabolic nitrogen of the feces, were 85 for com, 76 for tankage, 
and 82 for the mixture. Apparently different samples of tankage 
may differ greatly in this respect. 

The average biological values for protein (nitrogen) were 54 for 
corn, 42 for tankage, and 61 for the combination. The individual 
pigs, with one doubtful exception, gave values showing the same 
relations as the average values. 

The crude protein of tankage evidently is of low nutritive value 
in covering the nitrogen requirements of growing swine as well as of 
growing rats. When combined with corn protein, however, a marked 
supplementary relation is demonstrable; so that the biological value 
of the mixed proteins is slightly higher than that of corn alone. 
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STUDIES IN NATURAL HYBRIDIZATION OP WHEAT 1 

By Clyde E. Leighty, Agronomist in Charge of Eastern TF hea$Investigations, 

and J. W. Taylor, Associate Agronomist , office of Cereal Crops and Diseases , 

Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

The wheat plant is normally self-fertilized. Numerous instances 
of natural cross-fertilization, however, have been recorded. These 
include .crosses between wheats of the same or different species, be¬ 
tween wheat and rye, and between wheat and Aegilops. The amount 
of such natural crossing has usually been so small in the aggregate 
that special preventive measures have not been considered necessary 
in ordinary investigations with the wheat plant. 

In the studies of Nilsson-Ehle (8) 2 the highest percentage of nat¬ 
ural hybrids found in any wheat variety was 0.9 per cent. At least 
2 to 3 per cent of natural crossing for several years at the Minnesota 
xigricultural Experiment Station "is reported by Hayes (8) and Hayes 
and Garber (£). Garber and Quisenberry (2) report a maximum of 
0.5 per cent of F 2 plants in the Mammoth Red variety grown at the 
West Virginia station. 

Natural crossing in partially sterile species hybrids may be more 
frequent than in ordinary wheat. About 18.5 per cent of the F 3 
plants grown by Hayes, Parker, and Kurtzweil (5), in certain families 
of crosses between Triticum vulgare and T. durum , were natural 
hybrids, evidently due to crossing in the F 2 . In such partially sterile 
hybrids, unfertilized flowers may remain open for several days, thus 
allowing easy access of foreign pollen. 

Natural wheat-rye hybrids have been reported several times. The 
most frequent occurrence was reported by Meister (7) at the Saratov 
(Russia) Experimental Station, where about 20 per cent of the plants 
in certain winter-wheat plots were natural wheat-rye hybrids in 1918. 
Leighty and Sando 3 found about 18 per cent natural wheat-rye 
hybrids in a Chinese variety at Arlington Experiment Farm in 1925. 

Popova ( 9 ) reports finding hundreds of natural F x hybrids between 
wheat and Aegilops in 1921 and 1922 near Tashkent, Turkestan, and 
in 1922 also near Jan Aryk. 

Numerous other instances of natural crossing in wheat have been 
reported, but an exhaustive review will not be made here. Many of 
the reports are of one or a few hybrid plants that have been found, 
w T hile in other cases several such plants are recorded. 


i Received for publication May 26,1927; issued December, 1927. 

* Reference is made by number (italic) to “Literature cited,'’ p. 887. 

* Leighty, C. E„ and Sando, W r . J. natural and artificial hybrids of a Chinese ivheat and 
rye. Jour. Heredity. (In press.) 
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HOW HYBRIDS OCCUR AND HOW RECOGNIZED 

At blooming time the glumes of the wheat flower usually open 
and anthesis occurs in such a manner that a portion or at times pos¬ 
sibly all of the pollen from the three anthers is shed into the air. This 
permits the cross-pollination of other flowers through the liberated 
pollen falling upon them or being carried to them by the wind. Flow¬ 
ers for any reason devoid of pollen are especially subject to cross¬ 
fertilization. Any condition, then, that results in a lack of pollen 
in some flowers may be conducive to natural crossing. Disease 
infection, the adaptation of the variety, climatic and soil conditions, 
or other conditions of the environment may influence pollen pro¬ 
duction and may thus be factors determining the degree of natural 
crossing. 

The detection of natural hybridization is facilitated if it occurs 
between plants with strongly contrasted characters. It is not 
apparent when it occurs between plants of a single homogeneous 
variety. The greater the number of varieties with contrasted char¬ 
acters grown in proximity to one another, then the more likely is 
natural crossing to be recognized. The grouping in the nursery of 
varieties blooming at the same time, as is often done to lessen the 
difficulties of harvesting, facilitates crossing among them. 

In wheat hybrids the factors for certain head characters are 
dominant, or partly so, to their allelomorphs. Thus the factors for 
absence of awns, red glumes, and pubescent glumes are more or 
less dominant to the factors for presence of awns, white glumes, and 
glabrous glumes, respectively. If a variety having one or more of 
the recessive factors is the female parent in a cross with a variety 
having one or more of the dominant factors, the hybrid is recogniza¬ 
ble in the F x . In the reciprocal cross in which the variety having the 
dominant factor is the female parent, the F x would not be recognized 
as a rule. In a variety of the Fulcaster type, which is awned and 
has white, glabrous glumes, the three principal recessive head charac¬ 
ters are combined. Any plant, then, with one or more of the allelo¬ 
morphic dominant head characters found in a variety of the Fulcaster 
type might be suspected of being a natural hybrid. For this reason, 
natural crossing may appear to occur more frequently in a variety 
having the recessive characters. 

MATERIAL AND METHODS 

The purpose of this paper is to report the results of observations 
and experiments on natural crossing in wheat at the Arlington Experi¬ 
ment Farm, Rosslyn, Va., near Washington, D. C., during the period 
1917 to 1926. The degree of cross-pollination disclosed by these 
investigations has been higher than that previously reported by others. 
In fact, sufficient cross-fertilization between varieties has occurred to 
demonstrate the necessity of special technic in the conduct of certain 
agronomic or other investigations when purity of plant material is 
essential. Some information also has been accumulated relating to 
the causes of natural crossing. 

More than 5,000 nursery rows and from 200 to 300 plots usually 
are grown each year at the Arlington Experiment Farm. These 
include most of the botanical types of common wheat as well as 
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representatives of the different wheat species. Many exotic forms 
unadapted to this locality are included. 

The_ different varieties and strains are usually arranged in the nurs¬ 
ery with reference to their time of ripening and habit of growth, 
in order to facilitate harvesting and equalize competition between 
adjacent rows. Very diverse morphological types, however, are 
often grown side by side or end to end. In 1917 and 1918, when some 
of the work here reported was done, the different strains were grown 
in single rows 18 feet long and 12 inches apart. About 124 such rows 
made up a block or series (Fig. 1.) Each block was separated from 
the next by a 2-foot path or alley. The arrangement of the varieties 
grown in plots is based largely on taxonomic characters. Some con¬ 
sideration is given to tune of ripening, but this is secondary, and 
adjacent varieties are usually dissimilar in some major head character. 
This method is followed to prevent accidental mixing in harvesting 
and threshing. The field plots are one-fortieth of an acre in size 
(132 feet long by 8.25 feet wide) with an 18-inch alley between plots. 
Three replications of each variety are usually grown, and the entire 
plot is harvested for yield determination. 

Many of the varieties grown in the nursery are unadapted to eastern 
wheat culture. Most of these are discarded after being tested from 
one to three years, but others are continued as breeding stock or 
for other special purposes. The varieties grown in plots are largely 
adapted types, though such partially unadapted varieties as Kanred 
and Nebraska No. 28 may be continued in test for periods of three 
to five or more years. 

CLIMATIC AND GROWING CONDITIONS 

The relationship between climate and natural crossing in wheat has 
been suggested by Howard and Howard ( 6 ), who believe that a dry, hot 
-climate is conducive to cross-fertilization. The Arlington Experiment 
Farm has a decidedly humid climate, the 15-year (1912-1926) average 
annual precipitation being 40.57 inches for the crop year, July to 
June, inclusive. For the three months of active growth, April, May, 
and June, the average rainfall for this 15-year period was 11 inches. 

The soil type is classed as Keyport silt loam. By the free use of 
soiling crops of rye and cowpeas, the occasional spreading of manure, 
and the application of acid phosphate to the grain crops, a high 
degree of productivity has been developed. 

Straw and grain yields are high, ana the tillering of the adapted 
varieties is above the average. The production of several tillers by 
each plant extends the blooming period of the variety. In most 
seasons the secondary tillers do not develop fully, and the fertility of 
these later heads is often poor. The most common disease of wheat 
is leaf rust {Puccinia triticina Erikss.), but this usually develops late 
in the season and therefore has little effect on the flowering or seed set 
of the crop. Other diseases, particularly Septoria, scab ( Gibberella 
saubinetii (Mont.) Sacc.), and black chaff (. Bacterium iranslueens 
undulosum EFS.), though less prevalent than leaf rust, may possibly 
exert some influence on the seed set of wheat. 
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NATURAL WHEAT HYBRIDS IN 1918 

The seed for the 1918 rod rows was handled with unusual care in 
the 1917 harvest. After 16 feet had been cut from the 18-foot rows 
for yield determinations, heads typical of the variety in the row were 
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gathered in separate containers from the remaining 2 feet at the ends. 
These heads were examined again later and threshed in a plant 
thresher, in which machine mixture is practically eliminated. The 
seed obtained was sown by hand in the fall of 1917, but the rows were 




Nov. 15,1927 


Studies in Natural Hybridization of Wheat 


869 


covered by a wheel hoe, which may occasionally carry a seed across 
the alley to the opposite row—especially when the soil is damp—or 
bring oyer a seed from an adjoining row. 

Despite these.efforts to maintain the different strains in pure con¬ 
dition, a surprising number of off-type plants were present in certain 
rows of the 1918 crop. Many of these apparently were Fj hybrids 
resulting from natural crosses with strains grown in adjoining or 
near-by rows the previous year. In order to test this supposition, 
a head from each of the off-type plants present in the rows of 19 
varieties or strains showing impurity in the 1918 crop was har¬ 
vested and threshed by hand. The kernels from each head were 
space planted in head rows the following fall, and data on the head 
characters of each plant were obtained in 1919. These data are given 
in Table 1. 


Table 1 . — Varieties of wheat grown in 18-foot rows at Arlington Experiment Farm 
in 1918 in which off-type plants were found, with head characters of the varieties 
and off-type plants , the probable origin of the off-type plants based on their breed¬ 
ing behavior, and the percentage of natural Fi hybrids from 1917 seed 



«A=awnless, B~ bearded or awned, R-red chafed, W=white ehafled, V=velvet or pubescent, G = 
glabrous. 

b X —result of natural cross with row given, M-result of mechanical mixture with row given. 

« Probably mechanical mixture or possibly segregates of natural cross previous to 1917. 

* Segregation for chaff color, although evident, could not be accurately determined on account of discol¬ 
oration of glumes. 
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Table 1 .—Varieties of wheat grown in 18-fool rows at Arlington Experiment Farm 
in 1918 in which off-type plants were found , with head characters of the varieties 
and off-ty'pe playiis, the probable origin of the off-type plants based on their breed¬ 
ing behavior , and the percentage of natural Fi hybrids from 1917 seed — Continued 
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£ Segregation for chaff color, although evident, could not be accurately determined on account of dis¬ 
coloration of glumes. 

• The off-type plants in this variety are possibly the segregates of a cross between the variety Fishhead 
* (AWV), which was grown nest to Penquite (BRV) in 1916. The ARV type may have been overlooked in 
roguing the 1917 seed heads. 
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In order to obtain accurate data on the percentage of natural 
crossing that had taken place in 1917, from 240 to 600 kernels from 
the 1917 seed remnants of each of 16 of the strains showing off-type 
plants in 1918 also were space planted in the fall of 1918. From 50 
to 80 per cent of these produced plants in 1919, and at harvest time 
descriptive head data on individual plants were obtained. The off 
types present were compared with those present in the 1918 rod rows. 
From the breeding behavior of the 1918 off types, as found in 1919, 
and the result of growing spaced plants from the 1917 remnant seed, 
the percentage of Fi hybrid plants produced from the 1917 seed has 
been calculated, as shown in the last column of Table 1. The off- 
type plants present in the 1919 rows from 1917. seed remnants were 
not tested further, but it is assumed that their breeding behavior 
would have been the same as that of the off-type plants from the 
1918 crop tested in 1919. 

A total of 248 off-type plants of the crop of 1918 were tested by 
growing a head from each in 1919. Of these, 214 segregated in such 
a manner as to indicate that they were Fi hybrids. Of the remain¬ 
ing 34 plants, 20 were evidently mechanical mixtures from adjoining 
rows. Ten of these were in row 710 and were apparently mixtures 
with row 711. The remaining 14 plants, occurring in row 568 
(Penquite), have been interpreted as due to a ci’oss occurring pre¬ 
vious to 1917, of which the F 1; or a heterozygous segregate, was 
inadvertently included among the seed heads collected from the 1917 
crop. Such a cross may have occurred in 1916 when the variety 
Fishhead, which is awnless with white velvet chaff, was grown next 
to Penquite, which is bearded with red velvet chaff. The Fi of this 
cross is semiawned and red chaffed, and a head of this land may have 
been overlooked in the 1917 seed heads. 

In several cases noted in Table 1, especially in wheats with velvet 
or pubescent chaff, the color of the chaff was difficult or sometimes 
impossible of determination as a result of poor development of color, 
or of discoloration due to weathering or fungous growths. 

The number of hybrid plants present in the 1918 rows of the five 
strains of the Fulcaster type grown in rows 132 (Stoner), 139 (Red 
Wonder), 155 (Fulcaster), 159 (Stoner), and 701 (Fulcaster) is espe¬ 
cially noteworthy. The percentage of probable Fi hybrids present in 
the plants from the 1917 seed remnants in four of these strains tested 
in 1919 ranged from 7 to 34.1 per cent, being higher than in all other 
varieties with the possible exception of Penquite (row 568). There is 
no doubt that unusually heavy natural crossing occurred in the strains 
of the Fulcaster type in 1917, especially in row's 132 and 159, in which 
the percentages of hybrid plants were 34.1 and 27.2 per cent, respec¬ 
tively. Three recessive characters are combined in the Fulcaster type 
of wheat—presence of awns, white glumes, and glabrous glumes. 
Natural crosses with awnless, red-glumed, or velvet-glumed wheats 
are readily recognized. 

All of the 214 segregating off-type plants tested in 1919 behaved 
as Fi hybrids, segregation occurring in approximately the expected 
ratios. If crossing had occurred previous to 1917, segregates of 
later generations than the Fi would have been present and some 
individuals of several groups with different head characters should 
be homozygous. Such homozygous forms were not present, so it 
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appears that all of these 214 off types were actually Fj. It is also 
evident that the true-breeding plants interpreted as mechanical 
mixtures were not homozygous segregates of earlier natural crosses. 
An instance may be cited. Two awnless-red-glabrous (ARG) 
glumed plants in Stoner, row 150, bred true to head type. These 
are interpreted as mechanical mixtures with the adjacent row 160 
or with row 90 directly across the alley, inasmuch as in a cross of 
a BWG x ARG occurring previous to 1917 it would be expected 
that true-breeding BRG and AWG forms, as well as ARG and BWG, 
would be present in the 1918 row. Likewise 3 of the 5 segregating 
genotypes expected in such a cross were not present, while the 2 
that were present are more probably due to natural crossing with 
neighboring rows in 1917. 

It is concluded, then, that the segregating off-type plants were Fi 
hybrids and that the true breeding off types are due to mechanical 
mixtures, with the exceptions noted. 

The above-stated conclusions are strengthened by the fact that 
it has been possible to determine the probable origin of the off- 
type plants, as shown in Table 1. In nearly every case the hybrid 
type found would have resulted if crossing had taken place with 
plants in adjoining rows or in rows not more than 2 or 3 feet away. 
The characters possessed by the plants in different rows from which 
off-type selections were made and by those in their neighboring 
rows, are shown in Figure 1. Nearly every case of natural crossing 
has been explained as due to cross-pollinations that may have 
occurred between plants so located that they may have come into 
actual physical contact with each other at the time "of blooming. 
A few exceptions are found where the probable parents can not be 
determined. These may have resulted from transportation of pol¬ 
len from greater distances, but possibly are due to crosses with mix¬ 
tures in the row- or to other undetermined causes. 

The wheat crop of 1917 produced the highest average grain yield 
in any year of the period 1910 to 1925, inclusive. The precipita¬ 
tion diming the spring months w T as below 7 the average, but during 
the period from May 15 to 31, inclusive, when most of the blooming 
occurred, the rainfall totaled 1.06 inches. 

The season of 1917, though unusually favorable to the general run 
of wheat varieties, w T as comparatively unfavorable to the Fulcaster 
strains. The average yield of the 22 varieties or strains grown in the 
varietal plot test w T as 46.2 bushels per acre, while the average yield of 
the five Fulcaster types v'as only 37.2 bushels, the different strains 
ranging in yield from 34.4 to 38.9 bushels. The three Poole selections 
averaged 51 bushels, the two Purples trawls 49.9 bushels, and the four 
Mediterraneans 46.4 bushels. In the rod-row nursery the yield of 
the Fulcasters w r as comparable. It is probable that the factors 
resulting in the comparatively poorer yielding performance of the 
Fulcasters in 1917 w T ere also factors having to do with natural cross¬ 
ing, as no doubt this type did not produce as much pollen with which 
to pollinate its own flow 7 ers as the Pooles or Purplestraws. 

The method of selecting seed heads in 1917 may have resulted in a 
greater percentage of hybrid plants being found in 1918 than if the 
seed had been taken from the entire row. In selecting heads for seed 
purposes in 1917 it w r as necessary in many cases to take those from 
secondary tillers. The results obtained in 1924 show that a much 
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greater percentage of natural crossing occurs in the later secondary 
tillers than in the earlier primary ones. As these seed plants grew 
at the ends of the rows, the number of secondary tillers would be 
greater in proportion than occurs on plants not at the ends. It 
would happen, then, that more secondary heads would be included 
in the seed lots than the average for the row. 

NATURAL HYBRIDS IN THE 1921 FIELD PLOTS 

The wheat varieties tested at Arlington Experiment Farm for 
yield in the fortieth-acre plots contain each year many off-type plants 
which are of hybrid origin. In the crop of i921 the variety Nebraska 
No. 28, which is bearded, with white glabrous glumes and yellow 
straw, contained about 13 per cent of off-type heads, which were 
semiawned with glabrous white chaff and purple straw. Natural 
crossing with a wheat of the Purplestraw or Fultz type was thereby 
indicated, as the 1920 seed plot of Nebraska No. 28 had been care¬ 
fully rogued by both writers. The 1921 plots of the variety Kanred 
contained off types of several lands, but the total percentage of these 
was lower than in Nebraska No. 28. 

Heads w r ere harvested from representatives of the off types present 
in 1921 in the four varieties Nebraska No. 28, Kanred, Purplestraw, 
and Bearded Purplestraw. Each head represented one plant, and 
the seed of these w*as space-planted in head rows in the fall of 1921. 
Poor germination and drowning greatly reduced the stand in many 
rows, particularly in the selections from Nebraska No. 28, of which 
4 of the 15 rows contained 4 or less plants each, none being fully 
bearded. It is probable, however, that the selections were all alike 
in constitution, so all of them are combined in the data on breeding 
behavior given in Table 2. Of 71 plants grown from off types selected 
from Nebraska No. 28, 51 were awmless (or semiawned) and 20 
bearded, which is very near the ratio expected in the F 2 of a cross 
between an awnless and a bearded wheat. It appears that all 15 
selections in Nebraska No. 28 were natural hybrids. It is certain 
that Nebraska No. 28 was largely cross-fertilized in 1920 by an awn¬ 
less wheat with purple strawy probably the variety Purplestraw, 
which begins to bloom a few days later than Nebraska No. 28 but 
before the latter has finished blooming. 

From the 53 off-type heads selected in Kanred, a bearded-white- 
glabrous-chaffed wheat, 22 proved to be hybrids. The types selected 
- were varied in head character. The bearded-white-glabrous types 
were selected because they showed greater vigor than Kanred and did 
not have the Kanred beak. Some of these may have been hybrid, 
but the differentiating characters w T ere not sufficiently pronounced to 
make it certain. In the progeny of four of these bearded heads, 
supposedly recessive in type, awnless forms appeared, indicating that 
natural crossing had occurred in these heads in 1921. 

Six of the 27 selections in Purplestraw and 2 of the 6 in Bearded 
Purplestraw segregated in such a way as to indicate that they were 
Fj hybrids. Ten awnless-white-glabrous heads selected in Purple¬ 
straw bred true and probably were merely fluctuating variations in 
the variety. Other pure-breeding selections in Kanred, Purple¬ 
straw, and Bearded Purplestraw were probably mechanical mixtures, 
or possibly in some instances homozygous segregates of crosses occur¬ 
ring previous to 1920. 
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Table 2. —Numbers and characters of off-type heads selected in four varieties of 
winter wheat at Arlington Experiment Farm in 1921, with their breeding behavior 
in 1932 


Variety 

C. 1.1 

Head 
char¬ 
acters of 
variety® 

Off-type plants 
in 1921 

Breeding behavior of off-typo plants in 1922 (num¬ 
ber of plants with given head characters) * 

No. | 

i 

! 

Num¬ 

ber 

Head 
char¬ 
acters o 

AWG 

BWG 

AWV 

BWV 

ARG 

BRG 


5147 

BWG 

15 

AWG 

51 

20 






17 

AWG 

AWV 

188 

66 








2 

9 

1 

22 

8 






1 

BRG 

4 


4 




1 

AWV 

ARG 



16 

2 





1 



17 

5 




16 

BWG 

_ 

Pure. 




Kanred. 



6 

AWG 

Pure. 





out) i ±) vv u- 

2 

BRG 



. 


Pure. 




1 

ARG 



, 

Pure. 




2 

AWV 



Pure. I _ 





1 

BWG 

b 3 

16 








1 

BWG 

b 7 

10 








1 

BWG 

b 1 

5 








1 

BWG 

bl 

14 








4 

AWG 

3S 

10 








2 

ARG 

5 

1 

33 


Purple^traw. 

1915 

AWG 

10 

AWG 

Pure. 


1 


' 3 

| BWG 

Pure. 








3 

AWV 


Pure. 







5 

ARG 




Pure. 


Bearded Purplestraw. 

i 

, 1911 

BWG 

{ l 

AWG 

22 

6 




AWG 

Pure. 







1 








° A=awnless, B =bearded or awned, G=glabrous chaffed, R=red chaffed, W-white chaffed, V=velvet 
or pubescent chaffed. 

6 Behavior due to natural crossing in 1921. 


NATURAL CROSSING IN 1921 

In addition to the plant selections made in 1921, an experiment was 
conducted in which the varieties Gladden, Grandprize, Kanred, Brown 
Fife, and Fuleaster were grown in the order given in single rows 132 
feet long and 8 inches apart. Grandprize and Brown Fife are awnless 
with red pubescent chaff; all the other varieties are bearded with 
white glabrous chaff. The seedings were made in the fall of 1920, 
and at harvest in 1921 from 40 to 50 heads representative of each of 
the varieties except Gladden were selected and hand threshed. A 
portion of this seed was sown in spaced rows in the fall of 1921. The 
1922 crop from this seed showed no off types in any variety except 
Kanred, which contained 11, or 2.64 per cent, natural hybrids in the 
416 plants matured. It is possible, however, that all of the other 
three varieties may have contained natural hybrids not evident in 
F,. Descriptions of the off types in Kanred and their F 2 segregation 
in 1923 are given in Table 3. 

In another experiment with Kanred, 25 heads typical of the variety 
were selected from a plot in 1921. From the seed of these heads 221 
plants were grown in 1922, among which 6 F t hybrids, or 2.71 per 
cent, were found. The F 2 segregation in 1923 of these 6 plants is 
shown in Table 3. Practically the same percentage of natural cross¬ 
ing occurred in the field plot of the Kanred variety in 1921 as occurred 
in the row specially planted for determination of the extent of natural 
crossing in contiguous rows. 
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Table 3. —Head characters and breeding behavior of natural Ft hybrids developed 
from seed of typical heads of Kanred wheat grown in a specially planted row and 
of natural Fi hybrids developed from typical heads of Kanred grown in a plot at 
Arlington Experiment Farm 


Fi natural hybrids in 1922 


Fs segregation in 1923 (number of plants with given head 
characters) * 


Source and 1 Per JSSjl riw-n ^ 

number j cent , c ^g a f‘ , G G 

ARG 

BRG 

ARV 

BRV AWV BWV 

1 " i - ■ 

From rows: 1 i 

7. . 1.68! ARV , 29 j S 

4. i .96 1 AWG ! 76 30 

50 

13 

117 

1 

50 43 j 20 

Total. 2.64 | 1 

From a plot: ; ! 

1.45 I ARG 11 i 2 

! 12 

j 

1 9 


! i 

I 

5_ . 2.26 j AWG ! 64 1 19 


!.!. 

Total .| 2.71 

i 

! 




* A == awnless, B—bearded or awned, R=red chaffed, W=white chaffed, G=glabrous chaffed, V== velvet 
or pubescent chaffed. 


EXPERIMENTS IN 1924 TO 1926 


Six varieties of wheat, two varieties of spelt, one variety of emmer, 
and Aegilops ovata were sown on October 15, 1923, in 52-foot rows 
8 inches apart, in the order shown in Table 4. The varieties were 
chosen and the order of seeding determined with reference to the 
head characters and the time of blooming of the varieties, as shown 
in Table 4. Abruzzes rye was sown in 40-foot rows in a block 
adjoining one end of the rows of these varieties, and Rosen rye was 
sown similarly in a block adjoining the other end. This experi¬ 
mental plot was isolated from other sowings, except four plots of 
Alstroum spelt separated from it by a fortieth-acre plot of winter 
oats. This seeding of spelt was made October 8 and apparently had 
no effect on the results obtained. 


Table 4. —Head characters, blooming period, and seeding arrangement of varieties of 
grains grown at Arlington Experiment Farm in 1934 for studies of natural crossing 


Block 1,40-foot rows ! Block 2, 52-foot rows 

Block 3,40-foot rows 

■d™ , Varieties of wheat and 

Rye variety j other g^g 

Head 

charac¬ 

ters 0 

Blooming period in 
1924 

Rye variety 

Abruzzes (12 rows). 

rl. Purplestraw..... 

2. Nebraska No. 28. 

3. Red Rock. 

4. Dawson. 

5. Brown Fife. 

6. Kanred__ 

AW T G 
BWG 
BRG 
ARG 
ARV 
BWG 
! AWG 

1 BWG 
BB1V 
BWG 
AWG 
BWS 

May 26-June 2. 

May 22-June 2_...j 

May 31-June 6. 

June 1-7. 

[_do_i 

* Rosen (12 rows) 

7. Alstroum spelt. 

8. White Bearded spelt.. 

9. Black Winter emmer. 

10. Nebraska No. 28_ 

11. Purplestraw. 

12. Aegilops ovata. 

I June 2-9. 1 

June 2-8..... 

June 8-12. 

May 22-June 2. 

May 26-June 2. 

May 26-June 3. 


« A=awnless, B=bearded or awned, G-glabrous chaffed, It=red chaffed, S=glumes covered with short 
spines, V—velvet or pubescent chaffed, W=white chaffed, Bl=black chaffed. 
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At heading time the rows were carefully examined for off-type 
plants, which were removed before flowering. To insure selfing 50 
heads of Nebraska No. 28, representing as many plants, wei*e bagged 
before flowering. This variety originated as a selection from a cross 
of Big Frame and Turkey, and it was thought that perhaps some of 
the off-type plants often found in it might be occasional segregates 
of the original cross. At harvest time in 1924, heads were selected 
from each wheat variety or species and from Aegilops ovata. No 
material was selected from rows 10 and 11, which were duplicates of 
rows 2 and 1. In the spelts, Black Winter emmer, Iianred, and 
Aegilops, approximately 40 heads were taken at random, but in the 
remaining five common wheats a first selection of about 40 heads 
from each variety included only large heads from tall, vigorous, or 
primary culms, wdiile a second selection of about 40 heads each was 
confined to shorter, less vigorous, or secondary culms. These two lots 
are designated u primaryand “ secondary,” respectively. All heads 
were carefully examined for trueness to variety or type and then 
hand threshed. In the fall of 1924 several hundred kernels of each 
lot were sown in rows with 4-inch spacing between kernels, but drown¬ 
ing of plants reduced the stand in several instances. It was evident 
from the plants produced from this seed that considerable natural 
crossing had occurred in 1924 in most of the wheat varieties, though 
no natural hybrids between wheat and rye were found. Stand notes 
were taken, and a head from each recognizable off-type plant present 
in the variety or species was harvested. All off types, except 12 in 
Kanred, which were unmistakably hybrid, were hand threshed and 
grown in spaced rows for segregation data. 

In those varieties or species in which dominant head characters 
could easily obscure an Fi hybrid, all plants showing such characters 
as increased height or vigor, lighter glume color, or variation in 
awning as compared with the type of the variety or species were 
tested by growing seed from a head of the possible off-type plant. 
Many of these, as shown by later tests, were merely fluctuating 
variations. In Dawson, 5 from a total of 42 plants, possessing head 
characters similar to Dawson but differing in vigor or with lighter 
red glume color, proved to be hybrid. In Brown Fife, 2 of the 49 
possible off types with characters similar to Brown Fife were natural 
hybrids. 

The data on segregation given in Table 5 show that all off-type 
plants possessing a dominant character, such as absence of beards, 
present in a variety characterized by its recessive allelomorph, such 
as presence of beards, were F x hybrids. 

The head characters of the varieties used in the experiment per¬ 
mitted recognition of the pollen parent of the natural cross. One 
exception occurred in an awnless, red-glumed plant present in Dawson, 
described in 1925 as a speltoid type. It was distinctly less spelt¬ 
like than the natural hybrids which occurred frequently between the 
spelts and common wheats. This speltoid plant in 1926 produced 
nine plants classed as speltoid and nine classed as wheat. All 18 
of these were red glumed and white kerneled, indicating that either 
natural crossing between Dawson strains carrying factors for the 
spelt form or mutation was responsible for this type of inheritance. 
The Dawson variety was selected for purity to awnlessness, red glumes, 
and white seeds, and is not necessarily pure for other characters. 
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Purplestraw was the pollen parent of 72 of the natural hybrids 
listed in Table 5, of which 62 were present in the Nebraska No. 28 
variety. Red Rock was the pollen parent in 36 hybrids, Alstroum 
spelt in 30, Brown Fife in 29, White Bearded spelt in 28, Dawson in 
10 , and Kanred in 2. Nebraska No. 28, Black Winter emmer, and 
Aegilops ovata did not cross-fertilize any of the varieties or species in 
1924. Black Winter emmer and Alstroum spelt were entirely self- 
fertilized. Seed of A. ovata produced two natural hybrids, the result 
of cross-pollination with Purplestraw, both of which were sterile. 
White Bearded spelt was self-fertilized with the exception of two 
natural hybrids with Brown Fife. All six common wheat varieties 
were cross-fertilized by at least four different pollen parents. Nebraska 
No. 28 was the pistillate parent to seven different groups of natural 
hybrids. Only Black Winter emmer and A. ovata failed to polli¬ 
nate Nebraska No. 28. 

In Table 6 is shown the frequency of crossing between the varieties 
of wheat or spelt, expressed as percentages of the plants tested for 
natural hybrids in 1925, as listed in Tables 5 and 7. From the types 
of segregates appearing in F 2 it was possible to determine the parent¬ 
age of the hybrid forms, the parents being restricted to those grown 
together in the isolated plot in 1924. The tested plants from each 
variety that were not hybrid were obviously due to selfing within 
the variety. The percentage of selfing in each variety also appears 
in Table 6. The high receptivity of Nebraska No. 28 and Kanred 
to wind-borne pollen and the infrequency of their action as pollinizers 
are apparent from these results. 

Table 6. —Percentage frequency of wheat and spelt varieties as reciprocal male 
and female parents of the 7iatural hybrids listed in Table 5 } and the percentage of 
self-fertilization in each variety 


Female parent 

-Male parent 

Nebraska 
No. 28 

f 

Purple- | 
straw 

Rock j Dawson j 

| ! 

Brown ! 
Fife } 

i 

Kanred 

White 

Bearded 

spelt 

Alstroum 

spelt 

Nebraska No. 28_ 

78.4 

1 

13.0 

1 

2.9 0. 6 

i.9 : 

0.2 

1.3 

1.7 

Purplestraw. 

0 

97.6 ! 

1.1, -2 

I 

0 

.3 

.3 

Red Rock.. 

0 

.4 

99.2 1 .2 

.i! 

0 

0 

.1 

Dawson. 

0 

.7 ! 

0 97.5 

• 3 I 

0 

.8 

.7 

Brown Fife.. 

0 

o i 

.1 ' 0 

97.8 

.1 

1.0 

1.0 

Kanred. 

0 

o j 

2.2 .7! 

3.0 ! 

91.1 

1.5 

; l.s 

White Bearded spelt. 

0 

0 ! 

0 0 

.5 1 

0 

99.5 

o 

Alstroum spelt.. 

0 

1 

0 i 

0 0 ! 

1 1 

0 

0 

0 

1 100 


The seeding arrangement of the several forms of wheat, spelt, 
emmer, and Aegilops included in the original isolated plots in the fall 
of 1923 was determined partly by the time of blooming of the differ¬ 
ent forms. From the data given in Table 4 it is seen that blooming 
was continuous from May 22 to June 12 and that the forms in adjoin¬ 
ing rows, with the possible exception of Black Winter emmer, coin¬ 
cided more or less in their time of blooming. Presumably, therefore, 
abundant opportunity for cross-pollination occurred, except in Black 
Winter emmer, in which no hybrid plants were found. 
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Table 7. —Numbers of plants groivn and numbers and 'percentage of natural Fi 
hybrids, as listed in Table 0 , produced by seed from primary and secondary heads 
or heads taken at random in 1924 


Variety 

C. I. 
No. 

i Number of natural Fi 
fromseedof- | hybridan plants from 

Percentage of natuial Fi 
hybrids m plants from 
seed of— 

Ran- | Pri- 
dom mary 
heads 1 heads 

1 

j 

Second- Ran- 
ary | dom 
heads | heads 

! 

Pri¬ 

mary 

heads 

Second¬ 

ary 

heads 

Ran¬ 

dom 

heads 

Pri¬ 

mary 

heads 

Second¬ 

ary 

heads 

Purplestraw.... 

1915 

804 

562 I. 

S 

25 


1.0 

4.4 

Nebraska No. 2S-._ 

5147 

. 1 144 

332 l. 

15 

88 


10.4 

26.5 

X)o, a _j 

5147 


.! 0 



6 



Red Roek__! 

5976 


267 !___. 

3 

4 

. 

.5 

1.5 

Dawson_ 

6161 

. ... ; 520 

220 !. 

7 

12 


1.3 

5. 5 

Brown Fife_ 

1933 

! 520 

286 |. 

4 

14 


.8 

4.9 

Ivnnred 

! 5146 

207 • . 

_ ' ‘>4 



9.0 



Alstroum spelt _ 

1 1733 1 

439 |. 

6 1 . 

0 



White Bearded spelt. _ j 

| 1724 

382 1 _... 

_ 2 1 _ 

.5 



Black Winter emxner i 

2337 

306 |. 

. o 



0 1 



Aegilops ovata_ 1 

189 I.! 

., 2 



1.1 I 



Total pei cent- j 



i 






age of natural 


! ! 

' 






ernssiner 







1. 5 

8.6 


j i 

1 


i _ 


a Seed from bagged heads. 


Crossing was general among the varieties included in this seeding, 
occurring frequently between varieties separated by several rows as 
well as between varieties growing side by side. Four crosses were 
recorded between Purplestraw wheat and Alstronm spelt grown 32 
inches apart in rows 11 and 7. From other observations it is known, 
however, that wheat pollen may be transported and effect cross¬ 
fertilization from considerably greater distances than this. 

In the harvest of 1924, heads were taken from primary and second¬ 
ary culms of five varieties of wheat in the isolated plot, but were 
taken only at random from the other sowings. The numbers of 
plants grown in 1925 from seed of these different head lots are shown 
in Table 7, together with the number and percentage of natural F! 
hybrids included in these plants in each lot. The hybrid nature of 
the plants was determined by their segregation in 1926, as shown in 
Table 5. The percentages of Fi hybrids in the plants from seed, of 
secondary heads were from approximately two to six times as large 
as the percentages in the plants from primary heads. The percent¬ 
age of natural hybrids in all plants from seed of the primary heads of 
the five varieties was 1.5 per cent; in all plants from seed of the second¬ 
ary heads it was 8.6 per cent, or about six times larger than from the 
primary ones. 

More than one-fifth of the plants of Nebraska No. 28 were F x 
hybrids when grown from seed of open-fertilized heads. Among the 
315 plants of this variety, however, grown from seed of bagged and 
therefore self-fertilized heads, no hybrid plant occurred. This indi¬ 
cates that the variety is pure breeding and that the off types that 
usually occur in it in such large numbers are due to natural crossing 
and are not occasional segregates of the original cross. 

DISCUSSION 

In these studies on natural hybridization in wheat, during the 
1.0-year period from 1917 to 1926, the percentage of hybrids found 
in the different varieties under observation varies from zero to 


















































Nov. 15. 1927 


Studies in Natural Hybridization of Wheat 


881 


approximately 34 per cent. Although these investigations were 
designed to establish the fact and the extent of natural crossing 
rather than the causes, certain indications as to the factors that are 
responsible for its occurrence have been obtained. 

It appears that seasonal conditions play an important r61e in the 
extent of natural crossing that occurs, but that in these conditions 
several factors are concerned. Among these factors rainfall and 
temperature are probably important. In order to study the rela¬ 
tion of rainfall and temperature to natural crossing, Table 8 was pre¬ 
pared. In it are given the daily precipitation in inches and the 
maximum and minimum temperatures in degrees Fahrenheit from 
May 1 to June 9 in the years 1917, 1920, 1921, and 1924, and the 
blooming periods of the varieties and species of wheat studied each 
year. The same varieties were not under observation throughout 
the entire period, and those that were included for more than one 
year were grown under somewhat different conditions from year to 
year. 

Extensive natural crossing occurred in 1917, a year when spring 
rainfall (April, May, and June) was 1.5 inches below the 15-year 
average (1912-1926), though, as may be seen in Table 8, there were 
several showers during the latter part of the blooming period. Only 
0.15 inch of rain fell in three showers from May 5 to May 26; bloom¬ 
ing began May 18. In 1920 the May rainfall was only 1.6 inches as 
compared with the 15-year average of 3.51 inches, and no rain fell 
during the blooming period of the varieties observed. In this year 
about 13 per cent of natural crossing occurred in Nebraska No. 28, 
In 1924 Nebraska No. 28 bloomed during a period of frequent showers, 
rain falling on 7 of the 11 days of the blooming period and totaling 
2.31 inches. In this year 21.6 per cent natural crossing occurred in a 
row of Nebraska No, 28 grown near other varieties. In 1921 Kanred 
was cross-fertilized by near-by varieties to the extent of approxi¬ 
mately 2.7 per cent, as shown by the natural hybrids in 1922; in 1924 
the cross-fertilization in Kanred amounted to 9.0 per cent. In 1921 
the spring rainfall was 2.65 inches above the 15-year average and the 
May rainfall 2,95 inches above the 15-year average for the month; 
rainfall totaling 0.26 inch occurred, however, only on the first and 
last days of the blooming period of the Kanred variety. ^ In 1924 the 
rainfall in April, May, and June was 15.21 inches, or 4.21 inches above 
the average, the highest recorded at Arlington in the 15-year period; 
and the May rainfall of 6.59 inches, or 3.08Jnehes above average, 
surpassed all previous years of this period. Kanred bloomed during 
a comparatively rainless period, rain occurring only on the first and 
last days and totaling 0.61 of an inch. 

Although showers occurred frequently in 1924 during the blooming 
period of Nebraska No. 28 and infrequently during the blooming 
period of Kanred, unusually extensive natural crossing took place in 
both varieties. In 1920, when Nebraska No. 28 bloomed during a 
rainless period, 13 per cent natural crossing occurred in that variety, 
while in the rainy period of 1924, 21.6 per cent natural crossing 
occurred. The relation of rainfall to natural crossing is not appar¬ 
ent from the behavior observed in these and also in other varieties. 

76728—27-2 
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Table 8 . —Daily precipitation (in inches) and maximum and minimum tempera¬ 
tures (in degrees F ,) from May 1 to June 9 , inclusive Jor the years 1917,1920,1921 , 
and 1924, ai Arlington Experiment Farm 

[The limits of the blooming period of the varieties of winter wheat under observation in which natural 
hybrids occurred are shown by parallel dashes across the thiee columns pertaining to each year] 


j 

i 


1917 


1920 

1921 

1924 



Temperature 


Temperature 

Temperature 


Temperature 


Pre- 



Pre- 



Pre- 


Pre- 



' 

i cini- 



cipi- 

l 


cipi- 


cipi- 




tation 

Maxi- 

Mini- 

tation 

Maxi- j 

Mini- 

tation Maxi- 

Mini- 

tation 

Maxi- 

Mini- 

! 

1 


mum 

mum 


mum 

mum 

mum 

mum 


mum 

mum 

1 

! 

Inches 

0 F. 

0 F. 

Inches 

i 

0 F. 

0 if*. 

Inches 0 F, 

0 F 

Inches 

0 F, 

°F. 

May I. 

0.22 

81 

55 

0.38 

64 

47 

1.31 52 

48 


68 

53 

2.■ 


68 

45 


63 

34 

. 62 

45 


74 

39 

3.: 


| 65 

46 


64 

38 

. 57 

46 


79 

44 

4.1 

.87 

50 

44 


65 

39 

.91 52 

47 


68 

43 

5.! 


' 47 

44 


65 

42 

.53 50 

48 


75 

37 

6.| 

.01 

56 

43 


68 

34 

.10 58 

46 


92 

47 

7 1 


59 

43 


62 

45 

. 74 

43 


78 

59 

S. 1 

.05 

52 

47 

.41 

67 

52 

. 75 

49 

1.23 

69 

60 

9.| 


62 

44 


72 

42 

. 78 

51 

.40 

70 

56 

io.! 


64 

39 


82 

44 

. 83 

47 

.02 

64 

54 

11.< 


70 

39 


85 

48 

. 61 

56 


54 

51 

12. 


63 

46 


58 

54 

1.90 60 

51 

1.57 

62 

48 

13. 


66 

47 

.76 

52 

50 

.34 78 

51 

.10 

76 

52 

14.i 


73 

49 


58 

49 

.05 76 

58 


75 

52 

15.! 

.! 

74 

53 

.05 

64 

41 

. 78 

59 

.50 

67 

47 

16-.-,_„. 

.i 

81 

43 

. 1 

70 

35 

.25 63 

53 

.34 

66 

51 

17. 


SI 

56 

. 1 

70 

38 

. 74 

44 


74 

45 

18. 


87 

48 

i 

74 

40 

. 79 

45 

.04 

79 

53 

19. 


90 

55 

. i 

73 

52 

. 80 

52 


76 

53 

20_ 


91 

55 

i 

78 

53 

. 80 

50 


65 

57 

21_ 

. 

74 

61 

i 

78 

60 

. 85 

55 

.66 

57 

51 

22. 


81 

57 

I 

81 

58 

. 89 

60 

.16 

65 

48 

23. 

.09 

72 

62 


69 

53 

. 90 

62 


80 

43 

24. 


74 

45 


59 

56 

.01 61 

53 


75 

63 















65 

46 


67 

54 

.56 75 

49 

.64 

66 

47 

26.| 


74 

45 


72 

56 

. 76 

55 

.14 

70 

45 

27. 

.39 ; 

90 

58 


80 

46 

. 71 

53 

,58 

62 

56 

28.| 

.21 

66 

60 


83 

52 

. 85 

58 

.04 

78 

58 

29. 

.37 

69 

57 


84 

56 

. 83 

63 


73 

! 57 

30. 


81 

49 


84 

51 

.50 76 

66 

.37 

69 

I 53 

31. 


76 

55 


81 

47 

. 82 

55 


72 

44 

June 1. 


86 

61 


87 

52 

. 85 

53 

.58 

75 

48 

2.i 

.04 ! 

86 

62 


90 

61 


62 

1 

75 

54 

3.| 

.34 1 

85 

64 


; 88 

65 

. 82 

52 


74 

56 

4.1 


82 

55 


| 60 

58 

. 82 

61 


75 ; 

80 

5.i 


83 

57 

1.19 

61 

55 

. 78 

52 


78 

50 

6. 

.ll 

85 

67 

.83 

70 

52 

. 79 

49 


86 

55 

7. 

1.57 

81 

65 


78 

52 

. 72 

59 

.03 

86 

60 

8. 


85 

60 


80 

51 

. 80 

60 


85 

63 

9. 


84 

60 


76 

55 

. 82 

65 

1.48 

66 

57 


i 












When temperature is considered, the relationship with natural 
crossing again is not apparent. The extreme diurnal temperature 
ranges (in degrees Fahrenheit) for the blooming periods were 45-91 in 
1917, 35-90 in 1920, 44-90 in 1921, and 43-86 in 1924. It is known 
that very little blooming occurs when the temperature is below 60°, 
and that usually none at all occurs at temperatures below about 
56°, It is not known, of course, when the flowers bloomed which 
were cross-fertilized; consequently, the temperatures at which cross¬ 
ing occurs or the temperature conditions during the blooming period 
or preceding it that favor grossing can only be surmised. It is known, 
however, that during periods of low temperatures and during rainy 
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periods, possibly but not certainly when temperature is high as well 
as low, blooming is delayed until favorable weather again occurs, 
when dehiscence becomes general. Under these conditions, varieties 
normally blooming several days apart will open and shed their pollen 
simultaneously, thus allowing natural crossing to occur between 
varieties that otherwise would not cross. 

Howard and Howard ( 6 ) state that "natural cross-fertilization 
is common” in the Punjab, where all wheat is grown under irrigation, 
but is “exceedingly rare in nonirrigated [humid] tracts.” The 
following explanation is offered: 

Under canal irrigation in the Punjab wheat is usually watered twice after 
sowing, the last watering taking place after the plants are in ear. Often before 
the last irrigation the supply of water in the soil is so small that the plants 
partly wilt during the hottest part of the day, the glumes open and the stigmas 
are exposed to the air. Under such circumstances in the dry hot climates of 
the Punjab, cross-fertilization is easy, and it is therefore not surprising that 
it is so frequent. 

These conditions certainly would seldom operate at Arlington 
Experiment Farm in causing natural crossing in wheat. Even in 
the driest seasons it has not been observed that wilting of wheat 
plants has occurred at the blooming period. Usually at this time 
the soil contains sufficient moisture for use of the wheat plant and 
often there is an oversupply. 

The experiments in natural crossing conducted from 1924 to 
1926 (Table 5) show that Nebraska No. 28 was cross-pollinated 
by all varieties or species of Triticum except Black Winter emmer, 
which flowered too late. Nebraska No. 28 was the first variety 
to bloom (Table 4), and the last blooming was observed in it the 
day Alstroum spelt was first observed in bloom; yet eight natural 
Fi hybrids between Nebraska No. 28 and Alstroum were present 
in 1925 in the plants from Nebraska No. 28 seed. 

The duration of the flowering period of a variety is influenced 
by weather and by the number of tillers produced by the plants. 
In bright, hot weather a variety sown at the rate of 6 pecks per acre 
on fertile soil will complete its blooming in four days; but in 1924 
the blooming periods were prolonged, Nebraska No. 28 requiring 
11 days. This was due to the frequent rains and cooler weather 
and made crossing possible between sorts in which it is normally 
excluded, such as Nebraska No. 28 and the spelts. Unpollinated 
stigmas may remain receptive to pollen, however, for several days 
after the time of dehiscence of the anthers, and early and late vari¬ 
eties may occasionally cross-pollinate under such conditions. 

The receptivity of the stigmas of emasculated flowers on heads 
of winter wheat, representing three-year average data, is shown 
in Table 9. The data show the percentage of seed set in artificial 
crosses of common wheat varieties in heads from which the two 
basal and the tip spikelets and all except the two lower flowers of 
other spikelets had been removed. The technic reduced the dura¬ 
tion of the receptivity of the head, but more than 40 per cent of the 
flowers of a spike were receptive six days after the first flowering 
of the spike, and 9 per cent were still receptive on the eighth day. 
However, the pollen of a head with a similar number of flowers 
would be shed in two or three days. This difference between the 
availability of pollen and the receptivity of the stigma is probably, 
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a factor in the nonoccurrence of reciprocal natural hybrids ob¬ 
served in some cases. 

The two spelts Alstroum and White Bearded were the pollen 
parents in 58 natural hybrids with wheat, but on the other hand 
only White Bearded was the pistillate parent in natural hybrids 
with wheat, and of these only two occurred. Inasmuch as there 
was no apparent natural crossing between the two spelt varieties, 
which bloomed at approximately the same date and were grown 
adjacent to each other, it may be that these spelts are highly self- 
fertile. 

Table 9 .—Receptivity of the stigmas of common wheats , at different ages before and 
after the first dehiscence of the anthers on a head , to pollen of other wheat varieties 
during the years 1921 ) 1922, and 1928 at Arlington Experiment Farm 


Period before or after the first 
dehiscence of anthers 

Number 
of flowers 
emascu¬ 
lated and 
i pollinated 

Percent¬ 
age of 
seea set 0 

Period before or after the first 
| dehiscence of anthers 

! 

Number 
of flowers 
emascu¬ 
lated and 
pollinated 

Percent¬ 
age of 
seed set" 

1 day. 1 

71 

3 

6 da vs 

199 

43 

Oday.. 

174 

23 

7 da vs 

205 

10 

1 day. 

134 

i 58 

8 da vs 

181 

9 

2 days. 

204 

53 

9 da vs 

153 

0 

3 days. 

211 

61 

10 days 

99 

n 

4 days. 

192 

63 

11 davs 

121 

u 

o 

5 days.. 

146 

42 

12 days 

80 

Q 







a The seed obtained was grown to detee f any possible selfing. 


Varietal differences to cross-pollination may be the expression of 
the environment. Kanred and Nebraska No. 28 hybridize naturally 
and on a significant scale with other varieties at Arlington. These 
two varieties are poorly adapted to eastern conditions, even to the 
extent of reduced pollen production; but grown in regions where 
they are adapted, a different reaction to natural crossing could be 
expected. The primary culms of Kanred and Nebraska No. 28 are 
hardly comparable in vigor and flower development to the secondary 
tillers of such adapted varieties as Purplestraw and Red Rock. The 
secondary tillers of five common wheat varieties produced on an 
average almost six times as many natural hybrid plants as the primary 
culms. All five varieties showed the same phenomenon. To a small 
extent the greater constancy of the variety from seed of the primary 
heads may be due to the abundance of pollen of its own kind which 
could cross-pollinate any flowers escaping self-pollination The 
secondary heads, being later and more irregular in flowering, would 
not have the same opportunity for cross-pollination with wind- 
borne pollen of their own kind. However, it is highly probable that 
self-sterility of the flowers of the secondary spikes is greater than that 
of the primary ones. Flowers are often observed in which the anthers 
are poorly developed and either do not contain pollen or fail to dehisce, 
but it is known that in many cases the egg cells of these flowers are 
capable of being cross-fertilized. This phenomenon of greater pollen 
sterility in comparison with egg sterility is commonly experienced in 
the Fj and later generations of both the wheat-rye and the Aegilops- 
wheat hybrids. 
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Kanred and Nebraska No. 28 Lave both been discarded from the 
varietal plot experiments at Arlington Experiment Farm, as neither 
possesses yield merit, nor is it possible in all years to maintain purity 
to varietal type without roguing to an extent that affects the yield 
of the plot. Dawson, a white-kemeled wheat, can not be kept pure 
for seed, character without continued selection. Similar difficulty is 
experienced in maintaining varietal purity in Genesee Giant, Brown 
Fife, Shepherd, and others, owing to the dominance of certain charac¬ 
ters possessed by these varieties. The impurity of the varieties is in 

{ >art due to mechanical mixtures, but in addition the data accumu- 
ated show that natural crossing may be of great importance. 

A practical consideration in the conduct of varietal tests is em¬ 
phasized by these studies of natural crossing in wheat varieties. It 
has been the practice at Arlington Experiment Farm to grow vari¬ 
eties dissimilar in spike characters adjacent to one another. This 
permits the separation of bundles accidentally misplaced in harvest¬ 
ing or by windstorms w T hile in the shock. As the plots are usually 
harvested and threshed in the same order as they are sown, any 
accidental mixtures in these operations can more easily be detected. 
In like manner natural crossings are more likely to be evident. When 
the characters possessed by a variety through their dominance 
obscure the Fj natural hybrids that are present, the evidence of 
natural crossing would not be apparent until the following year 
when segregation occurred. Roguing would fail to remove the hybrid 
forms and the segregates approaching the dominant type. Group¬ 
ing of similar varieties, or of strains of a single type, such as those of 
Fulcaster or Mediterranean or Poole, together in the field would 
practically obscure both mechanical mixtures and mixtures result¬ 
ing from natural crossing. For example, in a field grouping of Poole, 
China, Shepherd, and Illini Chief, all awnless with glabrous red chaff 
and purple straw, roguing would remove neither mechanical mixtures 
nor natural hybrids between any of these varieties. If the natural 
crossing or mixture was at all extensive, a variety might lose its identity 
and react in yield and other tests in a maimer meaningless so far 
as varietal significance is concerned. 

The necessity of precautions to insure purity of parental types and 
the selling of hybrid material for the conduct of genetic investigations 
has been recognized at Arlington Experiment Farm. This was 
pointedly brought out in a genetic study of a character transposed 
by hybridization from rye to a wheat segregate. The segregate 
exhibits some degree of self-sterility, and the appearance of as high 
as 15 per cent of hybrid forms in the strain is expected when selfing 
the previous season has not been practiced. Hayes, Parker, ana 
Kurtzweil ( 5 ) give data indicating that 18.5 per cent of natural 
cross hybridization had occurred in F 2 segregates from crosses of 
Triticum dicoecum X T. tmlgare and T. vulgare X T. durum. 

Carman (i) states of the F 3 generation of open-pollinated wheat- 
rye hybrids: 

It is a matter of very great surprise to us that in this plot there is such a variety 
of heads that if evidence were suddenly placed before us that all of the varieties 
of wheat in cultivation sprang from accidental crosses between rye and wheat, 
we should accept it as in harmony with the appearance of these plants. 
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No doubt the variety of head types was due to the natural back 
crossing of the F x and F 2 generations with different wheat varieties. 
In the three cases cited there is present a degree of self-sterility 
favoring natural crossing which would not be expected in crosses 
within a species. However, varieties may show self-sterility due to 
poor vegetative development or pollen abortion, especially in the 
later tillers, thus giving under certain conditions a high percentage 
of natural crossing. 

The segregation data given in Table 5 probably have been affected 
to some extent by cross-pollination of the Fi plants. Several un¬ 
doubted examples were present in the F 2 material, as, for instance, an 
awnless red pubescent-glumed plant in a segregating population of 
Nebraska No. 28 X White Bearded spelt. The awn ratio in the 
segregating generation of the natural hybrids between the awnless 
and bearded wheat varieties does not always show a very close fit 
to the expected. In the segregation of spelt-wheat crosses the awn 
segregation, however, is 3 to 1. The spelt-wheat natural hybrids 
consistently produced in the segregating generation a varied assort¬ 
ment of head shapes varying from the linear-fusiform spelt type to a 
clavate wheat type. The clavate wheat type of head appeared in 
the crosses of all six wheat varieties with the spelts, though none of 
the wheat varieties had any inclination toward clavateness, and the 
appearance of this type of head probably is due to recombination 
rather than natural crossing of the Fi. No spelt forms exhibiting any 
degree of clavateness were present. 

Whether or not it is necessary to protect the plants from natural 
crossing in genetic investigations probably will depend on the char¬ 
acter or characters studied and also on the locality where the material 
is grown. If, however, unusual ratios, transgressive segregation, or 
unexpected types are obtained, the probability of contamination by 
foreign pollen should be considered. 

It is very evident from the data presented herewith that natural 
crossing may be prevalent in wheat. The high percentages recorded in 
some cases are surprising even to the writers who have recorded the 
data, and will be even more so to those who are accustomed to think 
of wheat as a self-fertilized plant. But in fact it is quite probable 
that only a part of the crossing actually occurring has been detected. 
Crossing between different plants of the same variety and between 
plants of varieties with similar head characters would not be evident 
either in the F* or in later generations. It is rather disconcerting to 
the experimenter to find that this condition obtains or may obtain. 
To find that it is necessary to protect from crossing material believed 
to be essentially self-fertilized must add to the difficulties of experimen¬ 
tation or result in uncertainty when such protection is not practiced. 

In the light of these results the conception of a field of wheat as 
being made up of strains self-fertilized through innumerable gener¬ 
ations may need modification. With crossing here and there between 
plants of like and unlike strains, and with occasional plants of other 
varieties occurring as mixtures, a field of wheat is likely to be a 
heterozygous aggregate rather than a homogeneous entity. 
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SUMMARY AND CONCLUSIONS 

Natural hybridization in wheat has been studied at Arlington 
Experiment Farm during the 10-year period 1917 to 1926, inclusive. 
From the segregation of plants selected in the years 1917, 1920, and 
1924 it is known that natural crossing was frequent in these years. 

In some varieties only small amounts of crossing were evident; in 
others varying percentages were found with a maximum of about 34 
per cent occurring in a strain of Fulcaster in 1917. 

Varietal differences as regards natural crossing are believed to be 
due often to environmental conditions. Nebraska No. 28 and Kan- 
red, which are annually cross-fertilized by other varieties, are both 
poorly adapted to conditions at the Arlington farm. 

Extensive natural crossing occurred both in dry and wet blooming 
periods. 

In 1924 approximately six times as much natural crossing Occurred 
in the secondary heads of five common wheat varieties as in the 
primary heads. 

Two spelts grown in a specially arranged sowing in 1924 were 
almost entirely self-fertilized but were the pollen parents in 58 natural 
hybrids with common wheat. 

Where natural crossing occurs, the field order of the varieties 
grown in plots should be arranged to favor the expression rather than 
the obscuring of the crossing. 

Precautions to insure selfing may be necessary in the conduct 
of certain genetic investigations in wheat. 
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THE RELATION OF ATMOSPHERIC HUMIDITY TO 
THE DETERIORATION OF EVAPORATED APPLES IN 
STORAGE 1 

By Charles W. Culpepper, Associate Physiologist, and Joseph S. Caldwell, 
Physiologist , Office of Horticulture , Bureau of Plant Industry , United States 
Department of Agriculture 

INTRODUCTION 

One of the most serious problems encountered in connection 
with the drying of fruits and vegetables is that of deterioration 
in storage. Various fruits and vegetables behave differently in this 
respect as a result of a variety of causes. The wide differences in 
chemical composition of the materials, as in water content, nature 
and amount of carbohydrate and protein, acidity, tannin content, 
presence or absence of fats and essential oils, and enzyme content, 
are responsible for some of the diversity. The differences in treat¬ 
ment given the material in preparation for drying and in the condi¬ 
tions during the drying of the various products are also factors 
productive of differences in the subsequent behavior of dried 
materials in storage. Since there are no defined standards for 
moisture content in the various products, except in the case of 
evaporated apples, various lots of any given product usually vary 
considerably in moisture content, not only when stored in bulk 
prior to packing but also in the final package. In consequence 
such materials show differences in rate ana character of the changes 
occurring in storage when held under uniform conditions. On the 
other hand, a product prepared under carefully controlled conditions 
develops wide differences in appearance, market grade, and palata- 
bility, as a result of storage under varied conditions. 

With any given dried product the storage factors which are of 
particular importance are humidity, temperature, and the readiness 
with which oxygen can gain access to the material. In the case 
of dried fruits the humidity of the storage chamber and the initial 
moisture content of the material are factors of outstanding importance 
in the control of deterioration in storage. 

REVIEW OF LITERATURE 

Very little work on the deterioration of evaporated fruits and 
vegetables under controlled conditions is to be found in the 
literature. 

McGillivray (8 ) 2 reported results of studies on moisture content 
of evaporated apples extending over a number of years. Com¬ 
mercially packed fruit with a content of moisture in excess of 27 per 
cent at time of boxing in practically every case showed fermentation 
within six weeks after packing. Experimental packs of fruit having 
27 per cent moisture content were placed in cold storage for 16 
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months. At the end of that time the moisture content had risen 
to 34.3 per cent and the material was in considerable part decayed. 
Similar boxes stored in an office room meanwhile lost considerable 
weight. When opened, restored to the original weight by sprinkling 
with sterile water, and repacked, such packages invariably under¬ 
went fermentation. This result led McGillivray to condemn very 
strongly the practice of adding water to dry stock in packing as 
invariably productive of spoilage. His work led to the adoption 
of 25 per cent as the permissible moisture content of evaporated 
apples in Canada. 

Prescott, Nichols, and Powers {12) conducted investigations of 
the spoilage of dehydrated vegetables under various conditions of 
storage. They isolated a large number of species of bacteria and 
mold fungi, mainly of the commoner soil forms. Storage in very 
dry air, at either high or low temperatures, resulted in great reduc¬ 
tion in the number of bacteria present. At humidities above 70 
per cent and temperatures of 20° to 25° C. various vegetables which 
had been dried to a residual moisture content of 4 per cent absorbed 
sufficient moisture from the atmosphere during 7 to 10 weeks of 
storage to permit rapid development of mold colonies. These 
investigators concluded that evaporated vegetables could be safely 
stored only in air-tight containers. 

Gore and Mangels (5) found that when turnips, onions, spinach, 
and cabbage were dried without previous cooking and stored in 
sealed glass jars in the dark at 70° to 90° F., the moisture content 
of the material had to be reduced to 5 per cent in order to preserve 
odor and color unchanged for six months. With moisture content 
above this limit, darkening, loss of distinctive odor, and development 
of distinctly unpleasant odors occurred. 

Nichols (3) states that "active spoilage” (evidently referring to 
visible growth of molds) in leaf vegetables such as spinach occurs 
when the moisture content has reached about 20 per cent, and that 
starchy and sugary vegetables and fruits generally do not show 
such spoilage until a moisture content of 25 to 30 per cent has been 
reached. Enzymic darkening occurred when the moisture content 
was above 10 per cent but was arrested when moisture was reduced 
to 5 per cent. Nichols, Powers, Gross, and Noel {10) conclude 
that "to assure best keeping qualities the moisture content of fruits 
containing much sugar should not exceed 15 to 20 per cent, while 
that of other fruits and vegetables should not exceed 5 to 10 per 
cent, the preference in both cases being for the lower percentage.” 
They emphasize the necessity for employing sealable moisture-proof 
packages for such products. 

Cruess, Christie, and Flossfeder {2) and Cruess and Christie {1) 
state that grapes dried to 23 per cent moisture after sulphuring will 
keep indefinitely, but that those with higher moisture contents 
ultimately mold, as do prunes with more than 25 per cent moisture. 
Lewis, Brown, and Barss (7) state that in their experimental work 
with prunes they have adopted 17 to 18 per cent as the proper 
moisture content, but that in some cases it ran as high as 22 per cent 
without apparent injury to keeping quality. 

It is obvious that in some cases the differences in quantities of 
residual moisture considered safe by different workers are attributable 
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to differences in climatic conditions under which the exper im ental 
work.was done, as in the recommendations for pr un es just cited. 
Despite such minor differences, all workers agree that safety in pro¬ 
longed storage requires drying of all products to somewhat lower 
moisture contents than are generally employed in commercial 
practice. 

EXPERIMENTAL WORK 

The present work was undertaken for the purpose of studying the 
effect of humidity of the storage room as a factor in the deterioration 
of dried fruits. Of the various important dried fruits, evaporated 
apples probably undergo most rapid decline in appearance and 
quality when stored for considerable periods, despite the fact that 
a definite limit of moisture content of 24 per cent is prescribed by 
Food Inspection Decision 176 ( 6 ). Consequently it w T as determined 
to study in some detail the relation of humidity to the changes occur¬ 
ring in this product in storage. 

MATERIAL AND METHODS 

The fruit employed was grown in the variety orchard of the Office 
of Horticulture at the Arlington Experiment Farm, Rosslyn, Ya. 
Five varieties—Ben Davis, Delicious, Rome Beauty, Winesap, and 
Yellow Transparent—were used. These were chosen by reason 
of their differences in chemical composition and in color and texture of 
flesh. Four of the five are employed in some quantity in the com¬ 
mercial production of evaporated apples. Yellow Transparent, 
which is not used in commercial drying, was also used for the reason 
that it differs considerably in composition from the others. It is a 
white-fleshed, soft-textured summer variety, high in acid and astrin¬ 
gent content, low in sugar and total solids, and has little distinctive 
flavor. Ben Davis is a coarse-fleshed white variety, rather low in 
sugar content for a variety of its season, medium in acidity and as- 
tringency, and has little distinctive flavor. Delicious is a yellow- 
fleshed variety of medium sugar content, low in astringency and 
exceptionally l<m in acid content, and has a highly distinctive flavor. 
Rome Beauty has flesh slightly tinged with yellow, a medium sugar 
content, low acidity, and a fairly pronounced and characteristic flavor. 
Winesap has a somewhat yellow, fine-grained flesh, high in sugar 
content, is of medium acidity and astringency, and has a distinctive 
flavor. 

No analyses of the whole fruits were made, but portions of the same 
lots were pressed for juice making, and analyses of the freshly ex¬ 
pressed juices were made. The results of these analyses, which 
convey an idea of the particular lots of fruit employed, are recorded 
in Table l. 3 


s The volumetric permanganate method was employed in determining free reducing sugars and total 
sugars after acid hydrolysis. Acidity was determined by titration with N/10 sodium hydroxide against 
phenolphthalein, the results being calculated as malic acid. Total and nontannin astringency were deter¬ 
mined by the Loewenthal-Procter method. Total solids were determined by drying portions of the fresh 
juice to moist dryness on a water bath and bringing to constant weight in a vacuum oven at 80° C. Hy¬ 
drogen-ion concentrations were made by the use of the Bailey hydrogen electrode, and were checked with the 
quinhydrone electrode. 
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Table 1. —Chemical composition of freshly expressed juices of apple material vsed 

in storage experiments 


Constituents (per cent) 


Variety 

Acid as 
malic 

Reduc¬ 

ing 

sugar 

Cane 

sugar 

! 

Total 

sugar 

Total 

astrin- 

gcncy 

Tannins 

Non¬ 

tannins 

Total 

solids 

Hydro¬ 

gen-ion 

concen¬ 

tration 

Ben Davis .. 

0.520 

6 . 32 

3.42 

9.74 

0.924 

0.436 

0.488 

13.44 

3.40 

Delicious_ 

.279 

9.00 

1.10 

10.10 

.868 

.377 

.491 

12.46 

4.02 

Rome Beauty... 

.360 

6.62 

3. 79 

10 41 

.817 

.204 

.613 

12.89 

3.54 

WiTiPsap 

. 520 

8.40 

4.61 

13. 01 

.859 

.430 

.429 

15 07 

3.43 

Y ellow Transparent_ 

.680 

6.84 

1.06 

7.90 

1.942 

1.125 

.817 

9.23 

3.36 




The fruit used was a portion of the tree-run crop of the varieties 
harvested when commercially picking ripe and was delivered to the 
laboratory as soon as picked. It was stored in a basement room until 
it had reached firm eating-ripe condition. A considerable quantity 
of each variety was then peeled, cored, and sliced by machine, and the 
sliced fruit was divided into four portions. One lot was immediately 
placed in the evaporator without further treatment. A second lot 
was spread on drying trays and heated to 80° C. (176° F.) for 15 
minutes by placing in a closed chamber heated by steam jets placed 
beneath the trays, then transferred to the evaporator. A third lot 
was dipped into 2 per cent cold sodium chloride solution for 10 to 
15 seconds before spreading on the drying trays, and a fourth lot was 
exposed on trays to the fumes of burning sulphur in a closed chamber 
for 30 minutes. All were dried together in a tunnel evaporator 
at a temperature of approximately 60° to 65° C. (140° to 149° F.). 

The four treatments described, when applied to fruit of the five 
varieties employed, yielded material showing a very wide range in 
appearance and color as it was taken from the evaporator. The 
material which received no treatment prior to drying showed con¬ 
siderable brown discoloration at the surface of the slices as a result 
of oxidations during drying. This was much more pronounced in 
Yellow Transparent than in the other varieties. The untreated lots 
in all varieties were distinctly superior to the others in flavor, but 
considerably less attractive in appearance and color. The material 
treated with sulphur dioxide was the most attractive in appearance, 
as it showed no browning or other discoloration. The color was a 
bright light yellow in Ben Davis and Yellow Transparent and a 
slightly deeper golden yellow in Delicious, Winesap, and Rome 
Beauty. The flavor of the sulphured material was very good but 
scarcely equal to that of the untreated material. 

The material treated with sodium chloride was much whiter than 
that receiving any other treatment, but had a peculiar grayish-white 
tint. Occasional pieces had a very faint pink discoloration, espe¬ 
cially noticeable in Yellow Transparent and Winesap. The flavor 
was distinctly inferior to that of the sulphured material, but the 
slight saltiness of this fruit made comparison of the two lots somewhat 
difficult. 

The material heated to 80° C. (176° F.) in a current of steam was 
considerably brighter in color than untreated material, but much 
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less attractive in appearance than that treated with sulphur fumes or 
sodium chloride. Many of the slices collapsed during the drying, 
becoming thin and semitransparent and adhering firmly to the drying 
trays. The material was distinctly lacking in the richness and full¬ 
ness of flavor possessed by the untreated material, but was superior 
in this respect to that which had been dipped in sodium chloride. 

All the lots of fruit were allowed to remain in the evaporator until 
the pieces contained approximately 15 per cent of moisture. The 
samples used in the storage experiment consisted of 100 gm. each in 
one series and 200 gm. in another, and were weighed out in a tared 
dish and immediately transferred to muslin bags and placed in the 
storage chambers. Three to five identical samples were prepared 
from each lot of fruit, in order to permit withdrawal of samples 
for examination and determination of moisture content at intervals 
during the experiment. 

The storage chambers consisted of tall bell jars of 11,000 c. c. 
capacity, held in inverted position by suitable supports and covered 
by heavy glass plates made air-tight by stopcock grease. Atmos¬ 
pheric humidities ranging from 88.8 to 8.5 per cent by steps of 
approximately 10 per cent were obtained by placing in each of the 
chambers a comparatively large quantity (1,850 c. c.) of sulphuric 
acid solution of the proper concentration. The series was completed 
by adding two chambers, one containing calcium oxide, the other 
distilled water. This gave a series of 10 chambers having relative 
humidities respectively of 0, 8.5, 18.8, 37.1, 47.7, 58.3, 70.4, 80.5, 
88.8, and 100 per cent. 

The samples of fruit were loosely packed into small muslin bags, 
and the bags placed on perforated porcelain plates supported at some 
distance above the level of the liquid in the chambers. Care was 
taken to arrange the bags so that free access of air to all the samples 
was not restricted. The purpose of the experiment was to simulate 
the conditions prevailing in fruit stored loosely in bulk, and not those 
in material packed in final containers. 

The series of chambers were placed in an insulated room kept at a 
constant temperature of 25° C. (77° F.) for the first 12 months of 
storage, after which it was necessary to transfer them to a laboratory 
room in which the seasonal fluctuations of temperature ranged be¬ 
tween 20° and 30° C. (68° and 86° F.). Since it was possible to 
employ only one controlled temperature, that chosen was made to 
approximate the maximum temperatures encountered in common 
storage. Temperature is a factor of considerable importance in 
determining the rate of deterioration, so that the rate and extent of 
deterioration here observed would not be expected to hold in exper¬ 
iments carried on at other temperatures. 

The material was examined at intervals of one to two weeks during 
the first two or three months of storage and at longer intervals there¬ 
after. Detailed notes were made at each examination as to any 
discoverable changes in appearance, color, and market grade of the 
material, and at intervals of three or four months one of the duplicate 
samples of each lot was removed and employed for a determination of 
moisture content after any changes in color, odor, flavor, and pal- 
atability had been determined. 
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CHANGES IN APPEARANCE AND PALATABILITY 

Alteration in appearance was rather promptly apparent in the fruit 
in the chambers having high humidities. In the chamber with 
saturated atmosphere a slight brownish discoloration could be ob¬ 
served in the material after 10 days, and this continued to deepen 
until all the material was uniformly dark brown in color. This 
change occurred somewhat less rapidly in the material treated with 
sulphur dioxide than in that receiving other treatments, but at the 
end of six to eight weeks the sulphured material was indistinguishable 
from the other lots. Of the five varieties employed, Yellow Trans¬ 
parent showed discoloration earlier than the others and also developed 
it somewhat more rapidly. 

In the chamber with 88.8 per cent humidity the changes were in all 
respects identical, with the single difference that they appeared a little 
later and developed somewhat more slowly. As the material from 
the series of chambers was examined the alteration in color became 
less and less evident until a point was reached at which no change in 
color was apparent. After six weeks’ storage this point of no change 
was reached in the chamber having 70.4 per cent relative humidity, 
but with continuation of the storage period it shifted to a lower 
humidity, as indicated in Tables 2 and 3. 

Concurrently with the changes in color, alterations in the moisture 
content, odor, and flavor of the material began to appear. Even at 
the end of 10 days it was apparent that the material in 100, 88.8, 
and 80.5 per cent humidity was gaining in weight through absorption 
of moisture, and this became increasingly apparent in these lots at 
subsequent examinations. At the end of six weeks the development 
of mold colonies was evident on occasional slices in all but the sul¬ 
phured lots in the saturated atmosphere,. and the odor of incipient 
fermentation was apparent on opening both the 100 per cent and the 
88.8 per cent chambers. A slightly bitter flavor was apparent in the 
material dried without any treatment and kept in 100 and 88.8 per 
cent humidity. These changes became less evident in passing down 
the scale of humidity, the material in the 70.4 per cent chamber 
having undergone no discoverable change in color, odor, or flavor, 
and little if any change in moisture content at the end of six weeks. 

In the case of the lots stored at humidities less than 70.4 per cent, 
it was apparent after six weeks that loss of moisture had occurred in 
quantities proportional to the relative humidities of the various cham¬ 
bers, but the odor, flavor, and color of the material was unchanged. 

In the interval between the sixth and sixteenth weeks of storage, 
the changes occurring may be summarized as consisting of the ap¬ 
pearance of some degree of discoloration in the chambers having 
70.4, 58.3, and 47.2 per cent humidity, in the order named, followed 
by the development of a musty, unpleasant odor and, in the case 
of the material at higher humidities, of a noticeable alteration in 
taste. In the 100 and 88.8 per cent chambers absorption of mois¬ 
ture and continued growth of molds and yeasts converted the mate¬ 
rial within the bags to soggy, decaying masses having a strong odor 
of fermentation. 



Table 2. —Condition of evaporated Yellow Transparent apples after 112 days’ storage at various humidities 
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Table 3 . —Condition of evajJorated Rome Beauty apples after 112 days } storage at various humidities 
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The condition of the materials in the various chambers at the end 
of 112 days of storage is stated in summary form for two of the 
varieties, Yellow Transparent and Rome Beauty, in Tables 2 and 3. 
The conditions obtaining in the other varieties were so closely 
identical with those in Rome Beauty that they do not need detailed 
separate statements, but a few minor differences will be noted in a 
subsequent paragraph. 

In addition to the statements tabulated in Tables 2 and 3 it may 
be noted that at the end of 112 days of storage all the material 
stored at humidities of 47.2 per cent or higher had become rather 
uniformly brown, regardless of the nature of the treatment, given 
prior to drying. Thus the material treated with sulphur dioxide, 
while not developing discoloration as .early as the other lots, at the 
end of this time had become indistinguishable from the fruit receiving 
no treatment prior to drying. 

At relative humidities lower than 47.2.per cent there was progres¬ 
sive improvement in color with decrease in the atmospheric moisture 
of the storage chamber in the case of the sulphured material, and at 
18 per cent humidity or less there was no change in color. Untreated 
material was distinctly browned at all humidities above 18 per cent, 
while that which had been steamed prior to.drying was also browned, 
but to a lesser degree than untreated material. The material dipped 
in sodium chloride solution was indistinguishable from that receiving 
other treatments in the case of the lots stored at higher humidities, 
but in the material held at lower humidities a distinctly pinkish 
coloration was present. This was not observed except in material 
treated with sodium chloride, but it was present in all such material 
stored in relatively dry air. In the case of Yellow Transparent this 
pink coloration was first observable in the fruit held at 37.1 per cent 
humidity and was most pronounced in that held at 18.1 per cent. 
In the other varieties it was detectable in the salt-treated material 
held at 58.3 per cent as a pinkish tinge along the core line and about 
the vascular bundles of the slices. In material held at 47.2 per cent 
humidity all the slices were grayish pink at the surfaces but showed 
a central zone of normal color when cut across. The pink discolora¬ 
tion was still more pronounced in material held at 37.1 per cent and 
was present in decreasing degree in the material held at lower per¬ 
centages of atmospheric moisture. The fruit of the different varieties 
differed somewhat in that the pink color was more pronounced in 
those which had whitest flesh. . . . . 

It would appear probable that this pink discoloration is the result 
of reaction of the absorbed sodium chloride with some constituent of 
the apple flesh, probably a flavone or tannin. Whatever the nature 
of the reaction responsible for the development of the pink color, it 
is peculiar in that the color is most strongly developed in an atmos¬ 
phere having 18 to 37 per cent relative humidity .and decreases in 
intensity with either increase or decrease in humidity of the storage 
room. This type of discoloration has been observed by one of the 
writers in apples evaporated after dipping in sodium chloride and 
subsequently stored in a very dry atmosphere, and also in overdried 
commercial evaporated apples which had been salt, dipped prior to 
drying, but it does not seem to have been mentioned in the literature. 

From the results obtained with the use of sulphur dioxide and 
sodium chloride it may be concluded that these agents are effective in 

76728—27-3 
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preventing brown discoloration during the drying process, but that 
the elfect is temporary in character. Neither of these agents prevents 
a gradual browning of the tissues, which ultimately appears in storage, 
although sulphur dioxide delayed its-appearance somewhat longer 
than sodium chloride under the conditions of these experiments. 
This is' in general agreement with the results of Overholser and 
Cruess (11) on the effectiveness of these treatments in preventing 
discoloration in apple juices. Those authors did not investigate the 
effect of prolonged storage. 

The effects of varying degrees of humidity upon changes in odor 
and flavor of the fruit were of about the same order as the effects upon 
alteration of color, as indicated in Tables 2 and 3, but developed more 
slowly. All the samples held at humidities lower than 80.5 per cent 
remained normal in odor and taste during the first six weeks of storage. 
Those at higher humidities developed colonies of molds and were 
markedly abnormal in odor and taste. At the end of 112 days all 
samples at humidities higher than 70.5 per cent had developed a 
distinctly bitter, unpleasant taste and an odor strongly suggestive of 
barrels in which moist, unrefined sugar had been stored. These 
abnormalities in odor and flavor were perceptible in samples in which 
no visible growth of mold or other organisms had occurred, as in 
some of the lots from the 80.5 and 70.4 per cent chambers. In the 
lots held at humidities below 70.4 per cent, odor and taste became 
progressively more nearly normal with decreasing humidity, and at a 
humidity of 37 per cent or less no detectable change had occurred. 

Yellow Transparent differed somewhat markedly from the other 
varieties in that it showed greater alteration in color, odor, and flavor 
under any given condition than did the other varieties. In other 
work it has been observed that most early apples of the low-sugar, 
high-acid types are much like Yellow Transparent, deteriorating 
rapidly in storage. This fact is familiar to many operators of com¬ 
mercial evaporators, who base their refusal to employ early maturing 
varieties upon the impossibility of preserving the appearance and 
quality of the material for more than very short periods. 

The behavior of Ben Davis, Delicious, Winesap, and Rome 
Beauty with respect to alteration in color, odor, and flavor under 
the various conditions of storage was so closely identical that details 
with respect to Rome Beauty (Table 3) are fairly representative of the 
group. The fall and winter varieties, with their relatively higher 
sugar content, are much better preserved in storage than is Yellow 
Transparent. The relatively low sugar content and the high tannin 
content of the variety last named appear to offer conditions favorable 
to rapid, oxidation and other changes involved in deterioration in 
spite of its higher total and actual acidity. 

That hydrogen-ion concentration may be an important factor in 
controlling the rate of action of oxidase is indicated by the work of 
Overholser and Cruess (11), who found that in apple juice darkening 
on exposure to air was progressively lessened by progressively in¬ 
creasing additions of hydrochloric acid. Falk, McGuire, and Blount 
(4) also found that in potatoes and certain other vegetables, both 
fresh and dehydrated, the activity of oxidase and peroxidase was 
progressively inhibited by increasing acidity of the medium. In the 
present work deterioration was most rapid and greatest in the variety 
having highest total acidity and hydrogen-ion concentration. This 
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may indicate that these changes are not produced by enzymes; if they 
are, other factors outweigh the effect of acidity. 

Certain consistent minor differences in the behavior of the dried 
product made from the different winter varieties which were noted in 
the course of the work are of sufficient interest to warrant brief 
statement. .At any given degree of humidity, the material of De¬ 
licious was invariably darker in color, more abnormal in odor and 
flavor, and showed more extensive growth of molds, where molds 
were present, than did samples of Winesap and Ben Davis given 
identical treatments and stored under the same conditions. Rome 
Beauty like Delicious showed much greater change in color under 
given conditions than did Winesap and Ben Davis, but differed in 
that odor and flavor were as well preserved as in tiie latter varieties. 
At the lower humidities, fruit of Delicious and Rome Beauty which 
had been salt dipped prior to drying showed distinctly less pink 
discoloration than did salt-dipped Ben Davis or Winesap from the 
same storage chambers. The behavior of Rome Beauty differed in 
one respect from that of all the others, in that the brown discolora¬ 
tion developed at the higher humidities was invariably reddish brown, 
as contrasted with the light to dark brown, without admixture of 
red, seen in the other varieties. Much more extended work would 
be necessary to determine whether these differences are constant for 
the varieties. 

FURTHER CHANGES ON EXTENSION OF THE STORAGE PERIOD 

As indicated in Tables 2 and 3, the material kept in atmospheric 
humidities of 100 and 88.8 per cent had been so far altered after 112 
days’ storage as to be unpalatable and unmarketable. These lots 
were, consequently discarded after samples had been taken for de¬ 
termination of moisture content. The experiment was continued 
with the remaining chambers, which were held in a room having a 
constant temperature of 25° C. (77° F.) for one year, then transferred 
to a room in which the temperatures ranged from 20° to 30° C. (68° 
to 86° F.) with changes in the season, and there held for a further 
period.of two years and three months. The chambers were opened 
from time to time for inspection and the making of notes as to con¬ 
dition of the material. 

There were no further rapid changes in appearance and color of 
the material. The lots in atmospheres having humidities of 80.5 to 
47.2 per cent underwent a slow, progressive darkening in color, which 
was most rapid in rate and greatest in degree in the chamber having 
greatest moisture content and decreased in rate and degree with 
decrease in humidity of the air present. In the higher humidities 
there was progressive alteration of odor and flavor, the bitterness 
and objectionable odor observed earlier in the material stored in 
approximately saturated atmospheres becoming more and more 
apparent with the passage of time. These changes were not condi¬ 
tioned upon the development of molds, since they occurred in the 
absence of any visible growth of organisms. In the chambers having 
humidities of 37.1 per cent or less the material remained in perfect 
condition in respect of color, appearance, odor, and flavor, except in 
the case of Yellow Transparent. In that variety perceptible brown¬ 
ing had occurred even in the chamber having 8.5 per cent humidity, 
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and only the samples held over calcium oxide retained their original 
color after more than three years. 

The experiment was discontinued at the end of three years and 
three months, when detailed final notes were taken and determinations 
of moisture content made upon all the lots of material. Minor 
differences in the several varieties wero noted, but these were of the 
character already described, 

MOISTURE CONTENT ATTAINED BY THE MATERIAL AT VARIOUS HUMIDITIES 

The moisture-absorbing or water-holding capacity of the material 
at various degrees of humidity is of particular interest. The moisture 
content of the various lots of material varied slightly when they were 
placed in the humidity chambers, but closely approximated 15 per 
cent. As the material gained or lost in weight the sulphuric-acid 
solutions became more concentrated or more dilute, with a resulting 
alteration of the humidity of the chamber from its original calculated 
content. An error was thus introduced, but the quantity of acid 
used in each chamber was purposely made large enough to reduce 
the error to a small value, which was further reduced by replacing 
the acid after the first 8 or 10 weeks of storage. 

Moisture determinations were made by weighing out 50 to 100 gm. 
of the sample and drying to constant weight at 80° C. in a vacuum 
oven. Table 4 shows the result of the moisture determinations made 
at the end of the storage period of three years and three months for 
the samples held in the lower humidities (70.4 per cent or less) and 
at the end of shorter periods for those in the higher humidities. 

The data for the samples in the high humidity chambers (Table 4) 
are incomplete for two reasons. Many of the samples showed such 
extensive attack by molds and yeasts that large losses of sugar had 
occurred. Such samples were weighed to the nearest gram as they 
were removed from the chambers, no attempt at more accurate de¬ 
terminations being made. Those showing less extensive attack by 
organisms were sampled for weighing, but some of the samples were 
destroyed by accident before final weighings were obtained. The 
crude weighings show sufficiently close agreement with the figures 
given in the table to make it certain that these figures are truly repre¬ 
sentative of the condition of the material in these chambers as regards 
its water content. 
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Table 4. —Moisture content of evaporated apples of different varieties held in at¬ 
mospheres of various humidities after attainment of equilibrium a 



1 

i 


Moisture content (per cent) 


Humidity 

Treatment 

1 

Yellow 

Trans¬ 

parent 

Rome 

Beauty 

Winesap 

Delicious 

Ben 

Davis 

Saturation.... 

Untreated. 

54.31 

55.46 




Do. 

Steam.1 





51. 74 

Do... 

NaCl... 1 


56.31 




Do.. 

S0 2 ...1 



55 23 



88.8 per cent.. 

Untreated. 

33 35 

35.18 


36.57 

42.04 

Do. 

Steam.‘ 





40.38 

Do.... 

NaCl...i 



43.23 i 

44.66 

42.00 

Do. 

S0 2 ....i 



. 1 

46.99 

42.25 

S0.5 per cent.. 

Untreated. 

26. 56 

25.78 

25.35 I 


23.63 

Do. 

Steam.' 



24.54 


! 27.70 

Do... 

NaCl... 1 


27.03 

26.76 


1 29.38 

Do.. 

S0 2 .' 


24.93 

23.20 

25. 59 

27.36 

70.4 per cent. 

Untreated.1 

23.42 

20.19 

19 27 

17.65 

20.42 

Do... 

Steam...1 


19.06 

19.00 


18.66 

Do. 

NaCl. 1 


21.28 

21.12 

22.21 

21.18 

Do. 

S0 2 . 1 


20.59 

20.22 

21. 59 

19.73 

58.3 per cent. 

Untreated... ! 

13.69 

14.38 

13.28 1 

! 13.74 

13.25 

Do. 

Steam.... 

13.90 

13 31 

13,00 1 


13,58 

Do... 

NaCl... 

14.85 j 

14.81 

14.12 I 

13 74 

14. 75 

Do. 

S0 2 . 

13. 57 

14.24 

15. 36 

12 82 

14. 27 

47.2 per cent. 

Untreated. 

9.79 

9.66 

9.50 

6.62 

9.90 

Do. 

Steam..... 

! 8.64 

8.92 

9 00 


8 76 

Do... 

NaCl. 

1 10.97 

10.21 

10 26 

11.33 

10.70 

Do. 

S0 2 .. 

! 8.84 


8.47 

10 80 

10 02 

37.1 per cent. 

Untreated..... 

7.59 

7.67 

7.76 

6.97 

6.20 

Do. 

Steam. 

1 7.00 

C. 34 

6. 57 


6. 51 

Do...... 

NaCl. 

8. 22 

7.77 

7. 45 

5.83 

7.24 

Do.. 

S0 2 . 

7. 62 

7.74 

7. 00 

7.14 

6.71 

18.8 per cent. 

Untreated__ 

4.30 

3.87 

3.61 

2.36 

2.95 

Do__ 

Steam_ 

! 3.78 

2.69 

3.10 


2.02 

Do... 

NaCl... 

1 4.66 

4.03 

3.85 

2.94 

2.20 

Do....__ 

S0 2 .. 

1 3.80 

4.03 

3. 56 

2.39 

2. Cl 

8.5 per cent. 

Untreated. 

2.42 

.15 

1.97 

.61 

.89 

Do.. 

Steam. 

1.57 

.11 

1.60 


.85 

Do. 

NaCl.. 

2.44 

.11 

1. SO 

.33 


Do.. 

S0 2 . 

! 1.78 

.57 

2.01 

.32 

.63 

Completely dry... 

Untreated. 

.40 

.53 

.47 

.74 

1.04 

Do. 

Steam. 

.41 

. 16 

.63 


1.04 

Do. 

NaCl. 

.35 

.65 

.68 

.66 

.96 

Do.. 

S0 2 . 

.40 

.04 

.91 

.83 

.72 


a In the case pf the lower humidities (70.4 per cent or less) the weighings were, made at the end of three 
years and three months. In the higher humidities the weights recorded arc the last it was possible to 
obtain before invasion by molds proceeded so far as to invalidate the weighings. 


Evaporated apples are very highly hygroscopic, and this property 
is the initial cause for deterioration. When stored in air of any given 
degree of humidity, the material, regardless of its original moisture 
content, comes into equilibrium with the atmosphere by gain or loss 
of moisture. In the present instance material having an initial 
moisture content of 15 per cent was practically in equilibrium with 
an atmosphere of 58.3 per cent relative humidity, as almost no gain 
or loss in moisture content occurred. With increase in humidity 
there was a rather uniform increase in moisture content of the 
material, that in a saturated atmosphere taking up somewhat more 
than its own weight of water. With humidities below 58.3 per cent 
there was progressive decrease in moisture content of the material, 
that stored over calcium oxide becoming nearly water free. As the 
presence of a certain quantity of water in the material is one of the 
necessary conditions for the occurrence of deterioration, the samples 
having less than this quantity show no discoverable changes even on 
greatly prolonged storage, and those having more than this quantity 
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show a rate and degree of alteration very definitely related to their 
water content. . 

The highly hygroscopic character ol desiccated plant material 
has not always been sufficiently considered., or certainly has not 
always been adequately emphasized, in making recommendations 
as to “safe” moisture contents for evaporated products. There is 
no “safe” moisture content for any such material unless it is at once 
placed under such conditions that absorption of water vapor from 
the atmosphere can not occur. Unless this is done, drying to any 
arbitrarily chosen percentage of moisture, no matter how low, can 
be expected to preserve the material unchanged only so long as the 
moisture of the surrounding atmosphere does not rise above the 
point of equilibrium with the product. If this occurs, water will 
be absorbed to an extent determined by the humidity and the freedom 
of access of air to the material, and spoilage may occur. This fact 
is sufficiently important to warrant the placing of decided emphasis 
upon it in any consideration of preservation of materials of hygro¬ 
scopic character by drying. 

Some conception of the magnitude of the forces concerned in the 
absorption and retention of moisture by partially desiccated fruits 
may be gained from consideration of the fact that evaporated apples 
with 13 to 15 per cent moisture are in equilibrium with an atmosphere 
of about 58.3 per cent relative humidity, which is^ obtained over 
sulphuric acid of 1.30 specific gravity (40 per cent acid). Over acid 
of 1.25 specific gravity (33.5 per cent acid) such material absorbs 
an additional 5.7 per cent of moisture, while over acid of 1.35 specific 
gravity (45 per cent acid) it gives up an approximately equal amount. 
The assumption that fruit of 15 per cent moisture content is approx¬ 
imately in equilibrium as respects its moisture-absorbing power with 
sulphuric acid of 1.30 specific gravity thus appears to be justified. 
While the osmotic pressures of sulphuric acid in high concentrations 
can not be accurately determined, as Shull (14) has shown, from the 
use of formulae for “ideal ” solutions, calculations by several methods 
give values ranging from 720 to 798 atmospheres as the osmotic 
pressure of sulphuric acid of 1.30 specific gravity. 

Comparisons of the data on moisture content of material given 
various treatments prior to drying indicate that such treatments 
may to some extent affect the water-absorbing capacity of the fruit. 
That which was dried without treatment and that which had been 
exposed to sulphur dioxide showed no consistent differences in this 
respect. That which had been heated to 80° C. in steam rather con¬ 
sistently^ showed reduced moisture absorption or retention as com¬ 
pared with untreated material, while that dipped in sodium chloride 
showed somewhat higher moisture absorption, which may be attrib¬ 
uted to the salt remaining in and upon the slices. 

That the moisture-absorbing capacity of a variety is not directly 
related to its content is evident from inspection of the data in Tables 
1 and 4. Winesap, which is considerably higher in sugar than any 
of the other varieties, took up smaller percentages of water, especially 
at the higher humidities, than did the others. Yellow Transparent 
took up quite as much moisture as any of the others and in a number 
of cases more, despite its very low content of sugar and total solids. 
It is evident that the water-absorbing capacity of the several varieties 
is determined by differences in the character and amount of the 
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hydrophile colloids present, and that sugar content plays only a 
minor r61e therein. 

A somewhat unexpected outcome of the present work is the dis¬ 
covery that total arrest of deterioration in evaporated apples over 
prolonged periods can be accomplished only by reducing the mois¬ 
ture content to 8 per cent, as was done in the chamber having 37.1 
per cent relative humidity, or a lower figure. 

. At constant humidities ranging from 47.2 to 80.5 per cent deteriora¬ 
tion in color became apparent within a short time and was followed 
on prolonged storage by development of abnormal, rancid odor and 
pronounced bitter flavor. At the end of 112 days these changes 
were well advanced in all the fruit having a moisture content, in 
excess of 18 per cent, and after three years all the material having 
more than 10 per cent of moisture had become unmarketable if not 
wholly unfit for consumption. These changes were not accom¬ 
panied by visible growth of molds or yeasts and occurred under 
conditions, at least in the lower humidities, which inhibit the growth 
of these organisms. These changes have been considered as due to 
the action of enzymes and as being of less importance than those 
due to molds ( 9). In the apples here used it is questionable whether 
enzymes are concerned, since they occur in fruit which has been heated 
to a temperature of 80° C. (176° F.), or in that treated with sulphur 
dioxide or sodium chloride, to the same degree as in untreated 
material. 

The work of Overholser and Cruess (11) indicates that although 
sulphuring or heating to 80° C. does not inactivate the peroxidase of 
apple tissue, both treatments destroy the organic peroxide and thus 
inactivate the oxidizing system. That dilute sodium chloride, and 
other alkali, chlorides markedly depress the activity of oxidizing 
systems is indicated by the work of Ewart (8) on the oxidase of 
apple tissue and by that of Rose, Kraybill, and Rose (18) on that of 
apple bark. If the discoloration of the tissues is the result of enzyme 
action, the effects of such agents as heat, sulphur dioxide, and sodium 
chloride upon the oxidizing system are only temporary in character 
and are followed by ultimate resumption of activity, notwithstanding 
the continued presence of sulphur dioxide or salt. Furthermore, the 
action was most rapid in the case of the variety having highest 
titratable and actual acidity. 

Whatever the cause of the darkening in color and the attendant 
development of abnormal odors and flavors, these changes are less 
important than those produced by molds and yeasts only in that 
they occur more slowly, hence require a longer time to reduce the 
material to unmarketable condition. But they are extremely im¬ 
portant, in that they lower the grade and value of the product in 
which they occur, and are not arrested by bringing the moisture 
content of the material to a level at which growth of organisms can 
not occur. 

. At moisture contents higher than 25 per cent, the deterioration 
process develops another phase in consequence of the growth and 
multiplication of organisms which quickly render the material 
unmarketable and ultimately wholly destroy it. 

Adequate protection against deterioration in evaporated apples can 
be obtained only by taking into consideration the facts in regard to 
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the two interrelated but independent types of deterioration here 
described. Temperature is an important factor in determining the 
rate and extent of deterioration of both types, but the effects of varia¬ 
tion in this factor have not been included in this study. 

SUMMARY 

Evaporated apples of uniform initial moisture content, made from 
five varieties of rather widely varying types and given four different 
treatments preparatory to drying, were stored at a temperature of 
20° to 30° C. (68° to 86° F.) in atmospheres having humidities 
ranging from complete saturation to complete dryness for somewhat 
more than three years, with frequent examination. 

The material in all cases either absorbed or gave up moisture until 
a new moisture content in equilibrium with the moisture of the 
chamber had been reached. 

At relative humidities of 18.8 per cent or less, the material retained 
its original color, odor, and flavor unchanged throughout the entire 
storage period. Evaporated apples can be preserved indefinitely by 
sufficiently reducing the moisture content of both the material and 
the storage chamber. 

At relative humidities between 47 and 80.5 per cent, growth of 
molds and yeasts did not occur, but the fruit developed progressive 
brownish discoloration, rancid odor, and abnormal, bitter flavor, 
which rendered the material unpalatable and unmarketable before 
the expiration of the storage period. The rate at which these changes 
occurred increased with increase in humidity throughout the series. 

These alterations in color, odor, and flavor became evident within 
one year in fruit having the moisture content reduced to from 9 to 
10 per cent when the material was loosely piled so that air had free 
access to it. If the changes are produced by enzymes, the enzymes 
concerned are not destroyed by treatment of the fruit with sulphur 
dioxide or sodium chloride or by heating it to 80° C. (176° F.) prior 
to drying. 

At relative humidities higher than 80.5 per cent, the absorption of 
moisture was sufficient to permit rapid and abundant development 
of molds and yeasts, which destroyed the material within a few 
months. 

Exposure to fumes of sulphur dioxide, immersion in 2 per cent 
sodium chloride, or heating in steam to 80° C. (176° F.) preparatory 
to drying, did not prevent the development of discoloration at low 
humidities or the growth of organisms at the higher humidities, all 
the lots kept at any given humidity ultimately reaching the condition 
of the untreated control. Of the various treatments, that with sul¬ 
phur dioxide retarded the development of these changes somewhat 
longer than the others. Sodium chloride was next in effectiveness, 
but its reaction with some constituent of the fruit produced a char¬ 
acteristic alteration of color in some varieties. 

The several varieties showed considerable differences in the rate 
at which deterioration developed, deterioration being most rapid in 
the variety which combined highest acidity and astringency with 
lowest content of sugar. 
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Evaporated apples are highly hygroscopic. Material having 13 
to 15 per cent moisture is in approximate equilibrium with the 
atmosphere over sulphuric acid of 1.30 specific gravity, having an 
osmotic pressure approximating 750 atmospheres. Fruit having the 
standard moisture content of 24 per cent is in approximate equilib¬ 
rium with air of 75 per cent relative humidity at 30° C. (86° F.) 
and will rapidly absorb moisture when the atmospheric moisture 
rises above this value. 

Adequate protection of evaporated apples against deterioration 
in prolonged storage involves thorough drying and careful packing of 
the material and control of the humidity of the storage room. By 
thorough drying is meant the reduction of contained moisture, not 
merely to a point at which mold growth can not occur, but to a 
lower point at which oxidations and other changes not dependent 
upon the growth of organisms are arrested. Control of humidity in 
the storage room implies maintenance of atmospheric humidity at or 
below the point of equilibrium with the material. Careful packing 
involves the use of the most efficient means of preventing access of 
atmospheric oxygen to the material. 

The temperature of the storage room plays a very significant r61e 
in determining the rate and extent of deterioration. The present 
study is not concerned with the effects of storage at various tem¬ 
peratures, all the material having been held at temperatures ranging 
between 20° and 30° C. 
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DEHULLING BARLEY SEED WITH SULPHURIC ACID TO 
INDUCE INFECTION WITH COVERED SMUT 1 
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INTRODUCTION 

Since an easy and certain method of obtaining infection is necessary 
to a successful study of resistance to covered smut of barley, Ustilago 
hordei (Pers.) Kell, and Sw., in hybrid populations of any consid¬ 
erable size, the lack of such a method has delayed investigations to 
determine the resistance of barley to this disease. To find a simpler 
and surer method of obtaining high percentages of infection in barley, 
a series of experiments was begun in the fall of 1925 in the greenhouse 
of the California Agricultural Experiment Station. 

REVIEW OF LITERATURE 

Tisdale 3 obtained a much more abundant infection with covered 
smut of barley when the seeds were dehulled than when they were 
left in the natural or hulled state. The hulls were removed by 
hand with a scalpel or sharp knife, which is at best a slow and tedious 
process. Seed of Tennessee Winter barley dehulled and inoculated 
produced 85 per cent of diseased plants, compared with about 4 
per cent produced by the inoculated hulled or natural seeds. Similar 
results were obtained with 10 other vai'ieties. One variety, Nakano 
Wase, showed no smut even when the seeds were dehulled. Tisdale 
suggests the desirability of a more efficient method of dehulling 
the seeds or a simpler means of obtaining satisfactory infection. 

Abundant infections with covered smut of barley were obtained 
by Faris 4 with hulled seed in experiments where the temperature, 
moisture, and P H of the soil were under control during the period, of 
infection. Satisfactory percentages of infection occurred over wide 
ranges of soil temperature and acidity and at moistures well within 
those frequently existing when barley is sown in the field. Faris 
also obtained high percentages of infection in Hannchen and Nepal 
barleys under ordinary field conditions when the seeds were inocu¬ 
lated with spores collected from these respective varieties. He 
points out that for these two varieties, at least, the one requirement 
necessary to produce high infection was to use smut collected from 
* the variety on which it was to be tested. 


1 Received for publication Aug. 30, 1927; issued December, 1927. Cooperative investigations. Office of 
Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the California 
Agricultural Experiment Station. 

2 Throughout the investigation here reported the writer received many suggestions from W. W, Mackie, 
Division of Agronomy, University of California, and from various members of the staff of the Office of 
Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and he wishes to 
acknowledge the assistance thus rendered. 

2 Tisdale, W. H. an effective method of inoculating barley with covered smut. Phytopa¬ 
thology 13: 551-554. 1923. 

4 Paris, J. A. factors influencing infection of hordeum sativum by ustilago hordei. Amer. 
Jour. Bot. 11: 189-214, illus. 1924. 
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The existing knowledge of the resistance of barley to covered stout 
is comparatively meager and fragmentary. Varietal tests conducted 
at the California Agricultural Experiment Station by the writer under 
the immediate direction of Mackie 5 resulted in almost no infection. 
Other investigators 6 have experienced the same disappointment. 

EXPERIMENTAL METHODS 

Experiments in the inoculation of Coast (C. I. 690) barley with 
covered smut were begun in the fall of 1925. Spores for these 
experiments were collected from the same variety at Davis, Calif., 
during the previous summer. Several experiments w'ere tried, in 
which the seeds were germinated in moist chambers on greenhouse 
soil, on sand, and on blotter paper moistened with various nutrient 
solutions. That the spores would germinate readily in the solutions 
used had been previously determined. In one series, dry spores #■ 
were dusted on the seeds at the time they were placed in the moist 
chambers and at daily intervals thereafter until the plumulas were 1 
cm. long, when the seedlings were transferred to pots in the green¬ 
house. In a similar series the seeds were sprayed with a suspension 
of germinating spores. Practically negative results were obtained 
in both series. An examination from time to time showed that the 
spores appeared to be growing normally. Controls of hulled seeds 
and seeds dehulled by hand were included in each set. The hulled 
seeds almost invariably produced smut-free plants, whereas the 
dehulled seeds in soil cultures produced from 20 to 55 per cent of 
diseased plants. It therefore seemed desirable to look for a simpler 
method of dehulling the seeds. 

The possibility of _ a chemical method of dehulling the seed was 
attractive. Sulphuric acid was chosen as a possible reagent because 
of certain of its properties. It has long been used to treat certain 
hard seeds in order to promote prompt germination. 6 As early as 1907 
Brown 7 found that the seed coat of barley was remarkably resistant 
to the action of sulphuric acid. He was interested in the semiperme¬ 
ability of membranes, and used a blue-seeded barley for his experi¬ 
ments because the pigment in the aleurone layer is turned red by 
acids. When the seed coat was intact, soaking in an acid solution of 
36 per cent concentration for 44 hours caused no penetration of the 
seed coat. 


EXPERIMENTS WITH CONCENTRATED SULPHURIC ACID 


Preliminary experiments by the writer indicated that barley seeds 
may germinate after being immersed in concentrated sulphuric acid 
for one hour. However, the young seedlings produced from seeds 
treated for 20 minutes showed signs of injury. The seeds usually were 
immersed in a quantity of acid from two to three times the volume of 
the seeds. The excess acid was drained off before washing by pouring 


* Stakman, E. C. diseases of cereal and forage crops in the united states in 1921, TJ. S, Dept. 
Agr., Bur. Plant Indus. Plant Disease Bui., sup. 21: 208-209, illus. 1922. [Mimeographed.] 

® an S Lj ® ig ^ ty » c ;GERMINATION of seed as affected by sulfuric ACID TREATMENT. 

N. Y. Cornell Agr. Expt. Sta. Bui. 312, p. 293-336, illus. 1912. 

7 Brown, A. J . on the existence of a semi-fermeable membrane enclosing the seeds of some 
of THE gramineae. Ann. Bot. [London] 21: 79-87. 1907, 

aELECTIY X THE coverings of the seeds of bordeum vulgare. Roy. 

Soc. [London] Proe. (B) 81: 82-93. 1909. 
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the seeds into a small wire basket which had been coated with paraffin 
to resist the action of the acid. The basket of treated seeds was 
plunged into a sink full of cold water and then placed for 10 minutes 
under a faucet fitted with a rose or shower nozzle. Finally, the excess 
water was removed with a towel, and the seeds were spread out in the 
laboratory to dry. Commercial sulphuric acid proved to be nearly 
as effective in removing the barley hull as C. P. acid and is consider¬ 
ably cheaper. The commercial acid therefore was used in all of these 
experiments. 

Hand-threshed seed of Tennessee Winter (C. I. 257) barley was 
used for the acid experiments. The smut was from Coast (C. I. 690), 
as in the former experiment. The seeds were thoroughly dusted with 
an excess of spores. Twenty-one seeds from each treatment were 
placed in 8-inch pots and covered uniformly to a depth of 1 inch. 
The pots were left in the head house, where the temperature was 
.favorable for infection. The temperature ranged from 7.8° to 17.7° 
C. When the seedlings were 2 or 3 inches high the pots were moved 
into the greenhouse. The percentages of infection obtained after 
dehulling barley seeds with concentrated sulphuric acid are reported 
in Table 1. 


Table 1 .—Infection with covered smut in Tennessee Winter barley grown from 
seeds treated with concentrated sulphuric acid and seeded in the greenhouse on 
February 15, 1926, at Berkeley, Calif . 


[TWENTY-ONE SEEDS USED FOR EACH TREATMENT] 


Treatment 

Plants produced 

Plants smutted 

Number 

1 

Per cent 

; Number 

Per cent 

None. ... 

21 

100.0 

0 

0 

Seeds dehulled by liand__... 

19 

90.5 

4 

21 1 

Seeds treated with concentrated II 2 SO 4 10 minutes. 

19 

90 5 

4 

21.1 

Seeds treated with concentrated II 2 SO 4 20 minutes.. 

5 

23.8 

0 

40,0 

Seeds treated with concentrated H 2 SO 4 30 minutes.. 

1 

4 8 

_ 1 ! 

100.0 


There was no smut on any plants produced by hulled seeds, whereas 
21 per cent of the plants produced by dehulled seeds were smutted. 
The 10-minute acid treatment resulted in a satisfactory stand of 
plants which showed the same percentage smutted as the stand from 
the dehulled seeds. A very thin hull remained after this treatment. 
It was so thin that the plumules broke through, the hull instead of 
pushing out between the hull and the kernel, as is the rule in hulled 
seeds. Treatment with acid for 20 or 30 minutes reduced the stand 
too much to be of practical value. 

EXPERIMENTS WITH DILUTED SULPHURIC ACID 

FIRST EXPERIMENT 

Another series of experiments was started with seeds treated with 
diluted sulphuric acid. A concentration of acid was sought which 
would digest the entire hull without injury to the seeds. A scale 
of acid concentrations ranging from 40 to 90 per cent was employed. 
The time of treatment was somewhat arbitrary in each case, except 
that a few seeds were removed from time to time and the hulls and 
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seed coats examined. Forty-five seeds from each treatment were 
placed in 12-inch pots and covered uniformly to a depth of 1 inch. 
The pots ag ain were loft in the head house until the plants had 
emerged. The temperature ranged from 10° to 23.3° C. The 
percentages of smut from the lots of seeds treated with the various 
dilutions of acid are recorded in Table 2. 


Table 2 .—Infection with covered smut in Tennessee Winter barley grown from 
seed treated with various concentrations of sulphuric acid and seeded in the green¬ 
house on March 11, 1926, at Berkeley, CaliJ. 

[FORTY-FIVE SEEDS USED FOR EACH TREATATENT] 


J0t 

'To. 

Con- 

cen- 

tra- 

tion 

of 

acid 

Dura¬ 

tion 

of 

treat¬ 

ment 

Degree of dohulling 


P.cf. 

H. 

m. 


1 

] 

\ 15 

0 

Thin hull remaining over entire seed —. 

3 

\ 40 

\ 7 

0 

Thin hull remaining over germ half of seed.-. 

3 



0 

Thin hull remaining over geim. 

4 

1 


0 

Thin hull remaining over geim half of seed.-. 

5 

1 50 

{ 6 

0 

Thin hull remaining over germ. 

C 

f 

17 

0 

Mostly dehulled; thin hull remaining over germ of a few.. 

7 

| 

(1 

30 

Thin hull remaining intact. 

8 

1 60 


15 

Thm hull remaining over germ.- — 

g 

| 

f 

o 

Mostly dehulled________ 

10 

1 

30 

Thin hull remaining over germ half of seed. 

11 

j 70 

\ 

45 

Mostly dehulled. 

12 

J 

[ 1 

0 


13 

] 

f 

25 

Very thin hull remaining over entire seed. 

14 

\ 80 


40 

Thin hull remaining over germ.. 

15 

j 

[ 

50 

Mostly dehulled______ 

16 

1 

f 

15 

Thin hull remaining over entire seed. 

17 

} 90 

\ 

25 

Very thin hull remaining on most. 

IS 

1 

l 

35 

Thin hull remaining over germ.. ... 

19 

Con¬ 



Dehulled by hand_____ 


trol. 




20 

--do.. 



Hulled..... 



__ 

_ 



Hants Plants 
produced smutted 


N am¬ 
ber 


Per 

cent 


Num- Per 
ber cent * 


38 

,84.4 

39 

86.7 

•13 

95.0 

39 

80.7 

40 

88.9 

35 

77.8 

45 

100.0 

37 

82.2 

21 

46.7 

43 

95. 6 

33 

73.3 

12 

26.7 

42 

93.3 

26 

57.8 

8 

0.7 

41 

91.1 

30 

GO. 7 

5 

11.1 

41 

91.1 

42 

93.3 


S 

21.1 

10 

25.6 

18 

41.9 

17 

43 6 

35 

37 5 

4 

11.4 

6 

13.3 

5 

13 5 

4 

19.0 

7 

16.3 

0 i 

27.3 

6 

50.0 

12 

28.6 

11 

42.3 

1 

33.3 

11 

26.8 

14 

46.6 

4 

80.0 

11 

26.8 

0 

0 


Obviously it is difficult to describe the degree of dohulling in a 
few words. Three general conditions of dohulling existed, with all the 
intermediate stages present. After some of the shorter treatments 
a thin hull still persisted over the entire kernel, a condition similar 
to that described after the 10-minute concentrated-acid treatment. 
After treatments of intermediate severity, the hull remained only 
over the germ. The hull is considerably thicker over the germ and 
naturally more time is required for the acid to digest this portion. 
After the more severe treatments the hull was found to be entirely 
removed from most of the seeds by the acid. Concentration of 80 
and 90 per cent acid left the seed coats with a corroded appearance. 

Stands of less than 30 plants are not considered desirable and may 
be dropped from further consideration. Plants from 8 of the 13 
remaining treatments contained percentages of smut as high as or 
higher than those from the seed dehulled by hand. Plants from the 
hulled lot, on the other hand, were free from smut. The dilute 
solutions of acid appear to be more desirable than the concentrated 
solutions, both because of abundant smut infection and because of 
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lack of seed injury. Just why the 60 per cent acid treatment was 
followed by such uniformly low percentage of smut can not be 
explained at this time. An examination of some of the seeds from 
this treatment indicated that the acid was not as completely removed 
as after most of the other treatments. The degree of dehulling was 
as complete as was the case with several other treatments where 
higher infection occurred. There seems to be considerable variation 
in smut infection after apparently equal degrees of dehulling. Con¬ 
siderable variation may be expected, however, where such small 
numbers of plants are used. 

Table 3. —Injection with covered smut in Tennessee Winter barley grown from seed 
treated with various concentrations of sulphuric acid and seeded in the greenhouse 
on November 26, 1926, at Berkeley, Calif. 


[FORTY-FIVE SEEDS USED FOR EACH TREATMENT] 


Lot 

No. 

Con¬ 

cern 

tra- 

tion 

of 

acid 

Dura¬ 

tion 

of 

treat¬ 

ment 

Degree of dehulling 

Plants 

produced 

Plants 

smutted 

Num¬ 

ber 

Per 

cent 

Num¬ 

ber 

Per 

cent 


P.ct. 

II. 

m. 






1 

30 

24 

0 

All dehulled.... 

14 

31.1 

14 

100.0 

2 

1 

fl 

0 

Hull remaining on few germ ends. 

33 

73.3 

29 

87.9 

3 

\ 40 

7 

0 

All dehulled.... 

27 

60.0 

24 

88.9 

4 

J 

8 

o 

_do.....___ 

29 

64.4 

22 

75.9 

5 

] 

f 4 

o 

_do...... 

26 

57.8 

23 

88. 5 

6 

)■ 50 

J 5 

0 

_do........ 

16 

35.6 

13 

81.2 

7 

J 

1 6 

o 

.do..-..... 

10 

22.2 

10 

100.0 

8 

1 

f 1 

30 

Hull remaining over germ end... 

34 

75.6 

30 

88.2 

9 

\ GO 

i 2 

0 

Hull remaining over germ end of half of seeds. 

16 

35 6 

14 

87.5 

10 

| 

l 2 

30 

All dehulled.-. 

2 

4.4 

2 

100.0 

11 

I 

f 

30 

Hull remaining over germ half of kernel... 

40 

88.9 

29 

72.5 

12 

\ 70 


40 

Hull remaining over germ end.... 

35 

77.8 

31 

88,6 

13 

f 

1 

50 

Very thin hull remaining over germ end... 

22 

48.9 

20 

90.9 

14 

1 

( 

25 

Hull remaining over germ end.....- 

22 

48.9 

10 

72.7 

15 

\ 80 


35 

Thin hull remaining over germ end. 

3 

6.7 

3 

mo 

16 

1 

1 

45 

Most kernels dehulled. 

1 

2.2 

1 

100.0 

17 

) 

f 

15 

Very thin hull remaining. 

10 

22.2 

7 

70.0 

18 

\ 90 


20 

Hull remaining over germ end. 

10 

22.2 

7 

70.0 

19 

f 

1 

25 

Very thin hull remaining over germ end....... 

5 

11.1 

4 

80.0 

20 

[Con- 

1 

5 

Thin hull remaining intact. 

38 

84.4 

33 

80.9 

21 

Icon- 

j 

10 

Very thin hull remaining intact. 

25 

55.6 

19 

76.0 

22 

U Ut* 

ed 

J 

15 

Hull remaining over germ end.-. 

3 

6.7 

3 

100.0 

23 

fOon- 



Dehulled by hand. 

22 

48.9 

16 

72.7 

24 

\trol 

,-do- 


Hulled. 

45 

100.0 

12 

26.7 









SECOND EXPERIMENT 

On November 26, 1926, another series of experiments was started 
in the greenhouse, in which were used dilutions of sulphuric acid 
ranging from 30 per cent to concentrated. Seed of Tennessee Winter 
(C. I. 257) barley was again employed. Instead of using smut from 
a single variety, as in the former experiment, the inoculum consisted 
of a composite sample from the following varieties: Tennessee Winter 
(Calif. 2272 and C. I. 257), Coast (C. I. 690), Atlas, Club Mariout, 
Smyrna, Hero Selection (C. I. 1286-1), Vaughn, and Flynn. The 
seeds were washed for 20 minutes instead of 10, as in previous experi- 
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ments. Forty-five seeds from each treatment were placed in 12-inch 
pots and covered uniformly to a depth of 1 inch. During the period 
of infection the pots were left in the head house, where the tempera¬ 
ture ranged from 12.2° to 16.7° C. When the seedlings were about 
2 inches high the pots were moved into the greenhouse. The results 
from this experiment are given in Table 3. 

The percentages of smut are much higher after all of those treat¬ 
ments than after those of the preceding experiment. Whether the 
higher infections were due to more favorable environmental condi¬ 
tions or to the inoculum used is not at present known. _ The soil and 
the soil moisture were the same. The temperature in the earlier 
experiment ranged from 10° to 23.3° C. as compared with 12.2° to 
16.7° in the later experiment. The lower maximum temperatures 
were due to the prevalence of cloudy weather. 

The n um ber of plants developing after most treatments was con¬ 
siderably smaller in the later than in the earlier experiment. Even 
from the lot of hand-dehulled seeds there were only 22 plants in the 
second experiment as compared with 41 in the first. It is interesting 
to note that in the second experiment there were 45 plants, or a 100 
per cent stand, where the seeds were not dehulled. If 30 or more 
plants are considered a satisfactory stand, five of the acid treatments 
were followed by satisfactory stands while hand-dehulled seed was 
not. Eleven of the acid treatments were followed by stands equal to 
or better than that from the hand-dehulled seeds. The percentage 
of smut in the plants from the acid-treated seeds was as high as or 
higher than in those from the hand-dehulled seeds. The plants from 
the hulled seeds had a slightly higher percentage of smut in this experi¬ 
ment than those from the hand-aehulled seeds in the previous experi¬ 
ment (Table 2). However, the dehulled seeds allowed much better 
infections in each experiment than did the hulled seeds. 

The treatments with diluted acid caused more complete dchulling 
in the first experiment than in the second. The reason for this is not 
apparent at present. The data thus far indicate that it is not neces¬ 
sary to dehull the seed completely in order to induce satisfactory smut 
infections. In fact, the best stands, accompanied with satisfactory 
smut infection, resulted where a thin hull remained over the germ 
end of the seed or over the entire kernel. 

FIELD EXPERIMENT WITH ACID-TREATED SEED 

A very limited experiment with acid-treated seed was made in the 
field at Davis, Calif., to determine the effectiveness of this method 
of infection under field conditions. Coast (C. I. 690) barley, inocu- 
lated with spores of covered smut from the same variety, was used 
in this experiment. Duplicate rod rows from each treatment were 
seeded. Seventy-five seeds were sown in each row and covered as 
uniformly as possible. The field results are recorded in Table 4. 

The plants from the hulled seeds produced 10.3 per cent of smut, 
which is only about half that produced by those receiving the 50 per 
cent acid treatment. Seeds treated with concentrated acid for 10 
minutes produced results equal to those from the hand-dehulled seeds. 
Row 8 may have been at a slight disadvantage, as it was located very, 
near an irrigation levee. The acid-treated seeds at least compare 
favorably with the hand-dehulled seeds both from the standpoint 
of stand and of smut produced. 
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Table 4. —Infection with covered smut in Coast barley grown from seeds treated with 
sulphuric acid and seeded in the field on March 1 ) 1926 , at Davis } Calif. 


[SEVENTY-FIVE SEEDS IN EACH ROW] 


Row 

No. 

Treatment 

Plants produced 

Plants smutted 

Average 
percent¬ 
age of 
smut 

Number 

Per cent 

Number 

Percent 

1 

None_________ 

65 

86. 7 

6 

9 3 


2 

.do. 

62 

82.7 

7 

11.3 

10,3 

3 

Dehulled by hand ... 

60 

80.0 

15 

25.0 


4 

.do. 

40 

53 3 

14 

35 0 

30.0 

5 

Concentrated H 2 SO 4 , 10 minutes._. 

53 

70.7 

20 

37.7 


6 

.do--. 1 

67 j 

89.3 

18 

27.0 

32.3 

7 

50 per cent H 2 SO 4 , 10 minutes. ... 

55 

73.3 

13 

23.6 


8 

.do--. 

35 | 

46.7 

7 

20.0 

.21," 8 


DISCUSSION 

Hulled seeds produced plants showing only low infections with 
covered smut, as has been the case in previous experiments at this 
station. In 1919-20 W. W. Mackie 8 and the writer made duplicate 
rod-row seedings of 570 varieties and strains of barley at both Davis 
and Salinas, Calif. Although the seeds were heavily inoculated with 
viable spores of covered smut, practically no smut occurred. The 
following year about 100 varieties were sown at each of these stations 
with similar results. In no case did the smut infection exceed 5 
per cent, although from 10 to 15 per cent of smut occurred in a field 
seeded by a farmer with untreated seed on the same day on land 
adjacent to one of the stations. 

Dehulled seeds constantly produced fairly satisfactory infections. 
Only in the last experiment were the amounts of smut of the same 
magnitude as those obtained by Tisdale. 9 As already pointed out, 
Faris 10 was able to get a very high percentage of infection with hulled 
seed where the temperature, moisture, and P H were controlled. How¬ 
ever, these factors are not easily controlled where extensive sowings 
are necessary. Unsatisfactory infections (Table 4) occurred with 
hulled seed even when smut from the variety suggested by Faris 11 
was used. On the other hand the writer obtained fairly satisfactory 
infections by dehulling the seeds even under conditions where no 
smut was produced when hulled seeds were used. Under the condi¬ 
tions of these experiments, plants grown from seeds treated with 
sulphuric acid showed percentages of infection which compared 
favorably with those of plants grown from hand-dehulled seeds. 
With proper facilities for washing, many lots of seeds may be treated 
with sulphuric acid in a day. Seeds may be washed very easily at 
the rate of 12 lots an hour. Considerable saving in time and money 
is gained over the hand-dehulling method. 

Data are not numerous enough to justify a positive opinion as to 
the most satisfactory strength of acid and the proper duration of 
treatment. Additional experiments have been started in the field 

8 STAKMAN, E. C. DISEASES OP CEREAL ANT) FORAGE CROPS IN THE UNITED STATES IN 1921. U. S, Dept. 
Agr , Bur. Plant Indus. Plant Disease Bui., sup. 21, p. 139-254, illus. 1922. [Mimeographed.] 

9 Tisdale, W. H. On. cit. 

Paris, J. A, Op. cit. 

u Paris, J. A. factors influencing infection of iiordeum sativum by ustilagg horded Amer. 
Jour. Bot. 11:209. 1924. 

76728—27-4 
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at Davis and in the greenhouse at Berkeley, which should yield results 
indicating the most satisfactory treatment. Because the thickness 
of the hulls in barley varies with the variety, it may bo rather diffi¬ 
cult to establish a standard treatment which will be equally satis¬ 
factory for all varieties. Preliminary experiments with 10 varieties 
of barley, to be hereafter reported, seem to indicate that this is not 
an important matter. 

Injury to the seed coat in threshing must be avoided if the seeds 
are to be treated with acid. The barleys used in these experiments 
were hand threshed, but preliminary experiments not reported in 
this paper indicate that seed threshed with a small nursery thresher 
are practically free from seed-coat injury and may be treated with 
sulphuric acid without damage from this source. 

Covered smut of barley may be controlled by the use of fungicides, 
but, because this disease is rather sporadic in its occurrence in 
California, seed treatment is not regularly practiced by many farm¬ 
ers, and consequently considerable losses occur from time to time. 
Because the acid method of inducing smut infection is comparatively 
simple and certain, varieties of barley in large numbers may not be 
tested for resistance to covered smut. Any resistant varieties which 
are isolated may be used in studying the inheritance of resistance to 
this disease. Finally, the breeding of resistant varieties suitable for 
the various barley-growing regions offers a promising means of even¬ 
tually eliminating covered smut. 

SUMMARY 

Experiments were begun in the greenhouse at. Berkeley, Calif., 
in the fall of 1925, to obtain an easier method of satisfactorily in¬ 
fecting barley with covered smut. 

In each experiment barley seeds dehulled by hand before inocula¬ 
tion produced plants with percentages of smut much higher than 
plants from the natural or hulled seeds. 

Seeds subjected to several different treatments with sulphuric acid 
produced stands equal to those from the hand-dehulled seed, and tho 
resulting plants contained similar percentages of smut. 

A very limited field seeding indicates that tho acid treatments 
will give results in the field similar to those obtained in the green¬ 
house. 

Data are not numerous enough at present to indicato the most 
desirable strength of acid or the proper duration of treatment. 
Additional experiments in the greenhouse at Berkeley and in the 
field at Davis have been, begun to determine these points. 

Experiments to date indicate that it is not necessary to remove 
the barley hull completely in order to induce satisfactory infection 
with covered smut.. The best stands accompanied by satisfactory 
infection were obtained when a thin hull remained over the entire 
kernel or at least over the germ end. 

The acid treatment herein described will so simplify the method 
of inducing covered smut in barley that varieties may be tested in 
large numbers for resistance, to this disease, and the segregation of 
smut-resistant forms in hybrid generations may be studied. 



THE GROWTH OF BACILLUS RADICICOLA ON ARTIFI¬ 
CIAL MEDIA CONTAINING VARIOUS PLANT EX¬ 
TRACTS 1 

By F. E. Allison 2 

Chemist, Bureau of Chemistry and Soils, United States Department of Agriculture 

INTRODUCTION 

A review of the voluminous literature on legume-nodule bacteria 
brings out the fact that although the organisms will live and retain 
their vitality on a large variety of liquid artificial media, they seldom 
produce thick films and large masses of viscous surface growths 
except in the presence of certain miscellaneous nitrogen-containing 
mixtures, such as yeast extract or legume extracts. On a simple 
synthetic inorganic medium containing, in addition, an available 
source of energy, growth has usually been reported as small. If 
nitrates are added to this synthetic medium, the liquid culture usually 
becomes more cloudy and the gmn production may show an increase, 
but if the sugar used is pure, heavy viscous film growths are seldom 
if ever obtained. Dawson (I) 3 describes such growths as thick, 
zoogloealike films. They commonly form from 7 to 10 days after 
inoculation and may settle to the bottom of the flask a few days 
later. This paper presents the results of qualitative studies of the 
effect of plant extracts upon the production of such viscous film 
growths. 

Before proceeding to a discussion of the experimental work, it is 
well to emphasize that these studies were not undertaken with the 
idea of developing a more satisfactory medium than those now in 
common use; neither does the work deal with physiological efficiency, 
as judged by inoculating power. These subjects have,been thor¬ 
oughly considered by many investigators. Neumann (5) studied 
about 70 kinds of media, including plant extracts and soil extract. 
Zipfel (<?) observed the growth in various media over a range of tem¬ 
peratures and at different H-ion concentrations. Temple (7) particu¬ 
larly refers to the beneficial effects of adding a small amount of 
leguminous material to sterile soil for the culture of the organisms. 
Prucha ( 6 ) at the Cornell station has contributed to our information 
on various phases of culture work. Fred and his associates at Wis¬ 
consin have done some very excellent work. One of the pioneers in 
this lino of investigation was Moore ( 3 , 4 )- Later work from the 
same laboratory by Kellerman and his associates has added greatly 
to our knowledge of methods for handling cultures for commercial 
use. Dozens of other references might be given if space permitted. 
From all of these studies it is apparent that such media as soil extract, 
wood ash, and yeast water are excellent for routine work^ The 
writer uses soil-extract media almost exclusively for maintaining 
stock cultures in an active state and considers them excellent. 


1 Received for publication Sept. 13, 1927; issued December, 1927. 

2 The writer wishes to thank K. F. Kellerman, L. T. Leonard, and N. R. Smith of the Bureau of Plant 
Industry, United States Department of Agriculture, for their cooperation in supplying most of the cul¬ 
tures used in this work, and for their helpful suggestions. 

8 Reference is made by number (italic) to “Literature cited,” p. 923. 
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The purpose of this investigation was to determine some of the 
conditions which favor the production of zoogloealike film growths; 
the types of plant extracts and other materials which cause them; 
and finally, if possible, the particular constituent, if any, which is 
responsible for such unusually vigorous cell multiplication. It was 
desired to know if the stimulating agent in the extracts is a food or a 
true stimulant. If a stimulant or a nonnitrogenous food, it was 
hoped that its separation from, plant extracts and its addition to 
synthetic nitrogen-free media might make conditions for the growth 
of the organism sufficiently ideal to favor nitrogen fixation on a 
scale comparable to that obtained with Azotobacter. The present 
paper is of a preliminary nature and deals only with the growth- 
promoting effects of various plant extracts. 

MEDIUM USED 

In beginning these studies it was necessary to select a suitable 
combination of inorganic elements, together with an available source 
of energy, to serve as a basis for all media used throughout the in¬ 
vestigations. This mixture should supply as much of all the com¬ 
mon elements as is needed for use in heavy growth of the organism, ex¬ 
cept, of course, those elements which are intended for variables. Plant 
extracts or other materials, added to this combination, would give 
more inorganic elements and sugars, but this could not be avoided. 

The final selection of the combination of inorganic elements was 
based both upon the results reported in the literature and upon 
tests of about 100 combinations made in this laboratory. Space 
does not permit a detailed description of these experiments but, in 
brief, it may be stated that Bacillus radicicola responds particularly 
to phosphorus, and in the case of some strains, to calcium. A rela¬ 
tively small quantity of the other necessary inorganic elements, 
other than nitrogen, is sufficient. The combination finally chosen 
had the following composition, expressed in grams: K2HPO4, 0.2; 
Mg SO*, 0.2; NaCl, 0.2; CaS0 4 , 0.1; FeCl 3 , 0.005; Ca C0 3 , 1.0; and 
H 2 0,1000.0. This medium, with a suitable source of energy, supplied 
all of the 10 elements, other than nitrogen, which are considered as 
most needed by plants; it is wholly synthetic, and furnishes an 
adequate but not excessive supply of the ingredients. 

Several experiments were made to determine the best source of 
energy for legume bacteria. Of 30 sources tested, 10 were about 
equally good for a large number of strains of the organism, but some 
were particularly good for certain strains. Sucrose has been used 
to the greatest extent by other workers, but at this laboratory it 
seemed, to he no better than several other sugars. It is well to 
emphasize the fact that the strains differ. The organism used to the 
greatest extent in these experiments, a red clover culture, showed a 
slight preference for dextrose, and for this reason this sugar was used 
in all the plant extracts studied. 

No. source of nitrogen was included in the media because Bacillus 
radicicola is supposed to fix atmospheric nitrogen. In the first 
experiments reported below no nitrogen was added to the culture 
medium except that supplied in the plant extracts. Further refer¬ 
ence to the part which nitrogen plays in the results will be made in 
subsequent paragraphs. 
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ESTIMATION OF GROWTH 

Unfortunately, there is no satisfactory quantitative method for 
measuring the amount of growth in culture flasks. This statement 
may seem strange at first, and needs explanation. This study deals 
with a particular type of growth which can be seen, hut which is 
not easy to measure. The following three possibilities suggested 
themselves: (1) Obtain the dry weight of the bacterial cells, (2) 
determine numbers, and (3) separate out the growth and determine 
the nitrogen. 

The determination of dry weight was made in a few instances, but 
this method was entirely unsatisfactory, especially in the presence of 
plant extracts. It is very difficult to filter off the growth because 
of the presence of the bacterial gum, which becomes a portion of the 
dry weight unless it is removed. But its removal is practically an 
impossibility, because it is formed as an effluent cell wall of the organ¬ 
ism. The presence of CaC0 3 and miscellaneous plant constituents, 
some of which may be precipitated by autoclaving or bacterial 
growth, added to the difficulties. 

Bacterial numbers might have been determined, but the writer 
considers this determination practically worthless for the problem 
in hand, as well as for most similar problems. Apparently this is 
the general consensus of opinion among bacteriologists, judging from 
the discussions at the recent meetings of the First International 
Congress of Soil Science at Washington. Particularly is it true in 
the present instance, because the thing to be estimated is a particular 
type of growth. The heavy viscous films of bacteria on plant-extract 
media consist largely of masses of giant cells, gonidia, and budding 
cells held together very closely by the sticky gum. No ordinary 
system of dilutions would satisfactorily separate the bacteria present 
in budding clumps, and hundreds or even thousands might form the 
nucleus of a single colony on a plate. Assuming that the cells could 
be separated, the method is still unsatisfactory, because the results 
obtained would depend wholly on the type of the organism pre¬ 
dominating on any particular day. The life cycle, as shown by 
Lohnis {2), commonly passes within a few days from motile rods 
(from 1 to 2 microns in length) to giant cells (from 5 to 30 microns) 
and then to gonidia (0.3 micron). In the case of plant-extract 
cultures we may add budding clumps as a common occurrence. By 
plate counts a gonidium 0.3 micron in diameter would be as impor¬ 
tant as a gonidangium 30 microns long. 

A chemical method of estimating the mass of growth was developed. 
This consisted in precipitating the bacterial gum, which carries with 
it the organisms, by the addition of a suitable reagent. Basic lead 
acetate seemed most effective, although alcohol and various other 
agents may be used. The precipitate was washed thorougly and 
the nitrogen content determined. The method was not satisfactory 
where plant extracts and other miscellaneous organic materials con¬ 
taining nitrogen were present. In other cases it gave fair results. 

In view of the lack of a satisfactory quantitative method, it was 
decided to judge the growth by the eye only. This gave a better 
qualitative picture of the abundance of the type of growth under 
consideration than might be supposed, particularly for the red-clover 
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strain of the nodule bacteria used. For the purpose of these investi¬ 
gations qualitative results were satisfactory and quickly obtained. 

METHOD OF STERILIZATION OF PLANT EXTRACTS 

In beginning these experiments, the logical plant extract to use in 
obtaining some of the preliminary data was, of course, the juice from 
red clover, since the organism used was from the nodules of the roots 
of that plant. Furthermore, other investigators have repeatedly 
shown that clover, as well as other legume extracts, greatly stimulates 
the nodule organism. 

Four hundred grams (green weight) of red clover plants, including 
tops, roots, and nodules, were ground in a meat chopper. To the 
macerated plants was added 300 c. c. of cold water, and after standing 
about two hours the mixture was filtered. To one series of 250 c. c. 
Erlenmeyer flasks containing the inorganic ingredients and dextrose 
were added in duplicate, aliquot parts of the clover extract correspond¬ 
ing to 3, 6, 12, 30, and 60 gm. of the original clover plant per 100 c. c. 
of medium. These flasks were plugged with cotton and sterilized 
in the autoclave at 15 pounds pressure for 20 minutes. The remainder 
of the original extract was first sterilized by passing it through a 
sterilized Chamberland-Pasteur filter. After incubation for a week 
to make certain of sterility, aliquot parts of this extract were then 
transferred under sterile conditions to flasks containing the sterilized 
salt-sugar medium already described. Inoculations were made with 
an active pure culture of the red clover organism and growth was 
allowed to take place at 26° C. Observations, made at intervals, 
showed no appreciable difference in growth in corresponding flasks 
sterilized with and without heat. Growth was good in both cases, 
and the more clover extract present the heavier the surface film 
produced, with the exception of the flask receiving the most extract. 
In this flask early growth was slightly retarded. Growth was 
exceptionally heavy in this flask, however, by the end of a week. 
Analyses for total nitrogen by the Kjeldahl method showed no 
fixation. 


STUDIES WITH VARIOUS LEGUME EXTRACTS 

In order to determine whether the extract made from any given 
leguminous plant is particularly stimulating for the strain of organ¬ 
isms which normally grows in the nodules of that plant, several 
additional experiments were made. Included in these tests were 
some comparisons of the effect of extracts made from the tops, roots, 
and in some cases from the seeds of a given plant. Incubation was 
for a period of three w r eeks at 26° C., and observations were made 
at frequent intervals. Many of the plant extracts were tested 
several times under slightly different conditions. The concentration 
was varied and different batches of the extract were used. It seems 
scarcely worth while to go into detail regarding all of these separate 
experiments, but in Table 1 some of the observations are given 
which particularly show the relation of the concentration of the 
extract to the results observed. It should be remembered that no 
nitrogen other than that contained in the extracts was added to any 
of the flasks. 
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Table 1 . — Growth of red clover nodule bacteria on media containing various legume 

extracts 


Source of extract 

Grams of 
green plant 
material 
extracted 
per 100 c, e. 
of medium 

Condition of 
growth ® 

No plant extract.-. 

0 

i 

x 

Red* clover tops and roots....... 

15 

xxxx 

Red clover tops... 

2 

XX 

Do. 

5 

XX 

Do. 

8 

I X 

Do... 

15 

! 0 

Do. 

30 

0 

Red clover roots... 

2 

xxxx 

Do... 

5 

i xxxxx 

Do. 

S 

1 xxxxx 

Do. 

15 

xxxxx 

S weet clover tops.. 

2 

XX 

Do. 

5 

XX 

Do. 

8 

XX 

Do.-. 

15 

0 

Do. 

30 

0 

Sweet clover roots. 

2 

XX 

Do... 

1 5 

XXX 

Do..... 

8 

xxxxx 

Do. 

15 

xxxxx 

Do. 

30 

XXX 

White clover tops... 

4 

0 

Do„_. 

12 

i 0 

Do... 

10 

0 

Navy Loan seeds.-... 

.4 

XX 

Do-„_.... 

«7 

XXX 

Do..... 

1.8 

XXX 

Do.... 

3.0 

' XXXX 

Do.... 

7.2 

1 xxxx 

Do.... 

10 

xxxx 


i 


a 0=no growth; x—slight growth; xx=fair growth; xxx=medium growth; xxxx=good growth; xxxxx= 
very good growth. 

The data in Table 1 indicate very definitely that the red clover 
organism does not show a greater response to red clover extract 
than to certain other legume extracts, such as those from sweet 
clover roots or from navy bean seed. Another point of considerable 
significance is the marked difference between the extracts of the 
tops and the roots of leguminous plants. The extracts of both red 
clover and sweet clover tops produced slight stimulations at the 
lower concentrations, but prevented all growth at the 15 gm. and 
30 gm. rates. Even at the lowest concentration of 4 gm., the extract 
of white clover tops prevented growth. The appearance of the 
cultures suggested that poor growth was probably due to the presence 
of a toxic material. Several chemical tests were made in order to 
determine definitely if such were the case, and it was found that an 
extract from red clover tops, after precipitation with alcohol and 
removal of the precipitate, was very active in increasing bacterial 
growth. No attempt was made to identify the toxic material. 
Analyses of a portion of the cultures listed in Table 1 showed no 
gains in nitrogen. 

STUDIES WITH VARIOUS NONLEGUME EXTRACTS 

In order to determine if juices from nonlegume plants also favor 
luxuriant growth of Bacillus radicicola, several vegetables and other 
plants were used and tested in the same way without the addition 
of any nitrogenous compounds other than those in the plant juice. 
Extractions were made by grinding the materials, adding a little 

































920 


Journal of Agricultural Research 


Vol. 35, No. 10 


CaC0 3 , boiling the mixture for a few minutes, and then filtering it. 
The results are shown in Table 2. 

Table 2. —Growth oj red clover nodule bacteria on media containing various non¬ 
legume extracts 


Source of extract 


No plant extract- 

Banana... 

Do.. 

Do.. 

Do.-. 

Do.. 

Beet roots.. 

Do.-. 

Do.. 

Do._. 

Do. 

Do. 

Blue grass tops. 

Do. 

Do. 

Cabbage. 

Do.... 

Do. 

Do__ 

Do..... 

Carrot. 

Do. 

Green corn tops_ 

Do..-. 

Do. 

Lettuce- 

Do__ 

Do. 

Do. 

Do. 

Orchard grass tops.- 

Do.. 

Do. 

Do. 

Do. 

Orchard grass roots. 

Do. 

Do. 

Do. 

Parsnip. 

Do. 

Potato. 

Do. 

Do... 

Spinach. 

Do. 

Do... 

Do... 

Do. 

Do. 

Sweet potato—. 

Do. 

Do. 

Do. 

Do. 

Turnip. 

Do... 


Grams of 
green plant 
material 
extracted 
per 100 c. c. 
of medium 

Condition of 
growth ° 

0 

X 

2 

X 

5 

X 

8 

x\x 

15 

0 

30 

0 

2 

XX 

r> 

XX 

8 

XX 

15 

XX 

30 

XX 

50 

XX 

6 

XXX 

12 

xxxx 

24 

xxxxx 

2 

XX 

5 

x\x 

8 

XXX 

15 

xxxxx 

30 

0 

11 

xxxx 

22 

xxxxx 

10 

xxxx 

20 

xxxxx 

60 

xxxxx 

2 

XX 

5 

XX 

8 

XXX 

15 

xxxx 

30 

xxxxx 

2 

XX 

5 

0 

8 

0 

15 

0 

30 

0 

2 

X 

5 

XX 

8 

XXX 

15 

xxxx 

10 

XXX 

20 

xxxx 

() 

XX 

18 

XXX 

45 

xxxx 

8 

X 

1.5 

X 

4 

XX 

8 

xxxx 

12 

xxxxx 

16 

XX 

8 

XX 

0 

XX 

15 

X 

21 

0 

42 

0 

11 

X 

22 

XX 


* 0=No growth; x=slight growth; xx~fair growth; xxx=medium growth; xxxx-good growth; xxxxx= 
very good growth. ’ 


It will be observed that tbe extracts from a large number of plants 
favor the growth of legume bacteria, there being little difference 
between many nonlegumes and legumes. When used in the optimum 
concentrations, extracts of orchard-grass roots, lettuce, cabbage, 
carrot roots, spinach, com tops, and bluegrass produced growths 
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comparable to those produced by legume-root extracts. Banana, 
potatoes, and parsnip extracts also produced good growths, but less 
than the above-named plants. Results obtained from extracts from 
orchard grass tops, sweet potato, and turnip were the poorest. Here 
the same observations may be made as are indicated in Table 1, 
namely, that some extracts prevent growth if used in too high a 
concentration, probably because of the presence of toxic compounds. 
Here again analyses failed to show any nitrogen fixation by Bacillus 
radicicola. 

When this work was undertaken the writer expected to find that 
extracts of leguminous plants would produce much better media than 
those of nonlegumes, if reinforced with sugar and the necessary 
inorganic salts; but this did not prove to be true. If the activity 
were limited to plants which produce nodules, then it would be logi¬ 
cal to infer that the stimulant or food plays an important r61e in 
symbiosis. The experiments reported here probably have little 
bearing on symbiosis. 

IMPORTANCE OF NITROGEN 

Since the above experiments had failed to demonstrate any powers 
of nitrogen fixation by the red-clover organism under the conditions of 
the experiment, it seemed very desirable to compare the growths 
resulting from several plant extracts with an available source of 
nitrogen added. Another series of experiments was, therefore, 
carried out, giving a direct comparison between the growths in the 
presence and in the absence of a nitrogenous salt. One hundred 
milligrams of KN0 3 was used per 100 c. c. of medium, because several 
tests, which can not be included here, had shown this to be a very 
satisfactory source of nitrogen. Because of the large number of 
extracts tested simultaneously, only two concentrations could be used; 
but with the previous work to serve as a guide, it was not difficult to 
select concentrations that would bring out the salient points. 

All extracts were prepared by grinding 100 gm. of the plant material, 
adding about 5 gm. of CaC0 3 and 200 c. c. of water, and autoclaving 
at 15 pounds pressure for 20 minutes. After filtration the extracts 
were reduced to dryness on a steam bath, again diluted, filtered, and 
made up to 500 c. c. Extreme difficulty was experienced in the 
filtration of some of the extracts, but by using both the centrifuge 
and suction filter, where necessary, a reasonably clear extract was 
obtained in all cases. Two extracts were made in the case of yeast, 
one of a good commercial yeast in cake form and the other of yeast 
cells grown on a synthetic medium. Table 3 gives the comparative 
growths, as determined by observation, for each of the extracts under 
the various conditions of the tests. In considering these results it 
should be remembered that the figures in the table showing the 
quantity of extract used are based on the green weights of the plants. 
If the tests had been on the dry basis the relative activity would 
have been quite different. These experiments were not planned, 
however, as quantitative test3, but merely to gain a general idea of 
the stimulating properties of various extracts used in the presence 
and in the absence of an available nitrogenous salt. 



922 


Journal of Agricultural Research 


Vol.35, No 10 


Table 3. —Comparative tests of various plant extracts without and with added 

nitrogen 


Source of extract 

Grams of 
green plant 
material 
extracted 
per 100 c. c. 
of medium 

Condition of 
growth with¬ 
out KN O 3 1 

Condition of 
growth with 
KNQa« 

No plant extract. 

0 

X 

X 

Alfalfa seeds... 

2 

XXX 

XXXX 

Do... 

10 

x\x 

xxxxx 

Apple._... 

2 

X 

X 

Do.- 

10 

X 

X 

Banana. 

2 

X 

X 

Do.-...-.- 

10 

x\x 

x\xx 

Beet roots....._.. 

2 

X 

X 

Do..... 

10 

X 

XX 

Cabbage... 

2 

XX 

XX 

Do_ ______ 

10 

XXX 

XXXX 

Carrot—... 

2 

X 

X 

Do..... 

10 

XXX 

xxxxx 

Carrot tops... 

2 

X 

X 

Do... 

10 

0 

0 

Clover seeds. 

2 

XXX 

XXXX 

Do. 

10 

XXX 

xxxxx 

Corn meal_ __ _ _ ...... 

2 

X 

XX 

Do...-. 

10 

XX 

x\x 

Cowpea seeds .. 

2 

XXX 

XXX 

Do. ..... 

10 

x\\\x 

xxxxx 

Lettuce.._.. 

2 

X 

X 

Do. 

10 

XXX 

xxxxx 

Orange________ 

2 

\x 

XX 

Do__________.- 

10 

XXX 

XXXX 

Parsnip. __-.... 

2 

XX 

XX 

Do___ 

10 

XXX 

XXXX 

Potato_____ , .... 

0 

XX 

XX 

Do_ ____ 

10 

\xx 

XXXX 

Soy-bean seeds ___ _-.—— 

2 

XX 

XXX 

Do___ . .- ..-. 

10 

xxxxx 

xxxxx 

Spinach________ 

2 

XX 

XX 


10 

xvvx 

xxxxx 

Sweet potato_ ---___—.— .1 

2 

X 

X 

Do....—.... 

10 

XX 

XX 

Tomato......... 

2 

XX 

XX 

Do______ 

10 

xx\x 

xxxxx 

Turnips___.... 

2 

X 

X 

Do........ 

10 

XX 

XX 

Yeast, cultivated.._. 


X 

X 

Do... 


X 

XX 

Yeast, commercial... 

2 

XXX 

XXXX 

Do..... 

30 

XXX 

XXX 






• 0~no growth; x=slight growth; xx= 
very good growth. 


fair growth; x\x~medium growth; xux-good growth; xxxxx= 


From the data in Table 3 it will be observed that the addition of 
KN0 3 to culture flasks which contained the various plant extracts 
usually increased the growth and was in no case injurious, regardless 
of the quantity of nitrogen added. Even the growths in the presence 
of the extracts of some plant products, like clover seed and alfalfa 
seed, which contain an abundance of nitrogen, were greater with 
nitrogen added. This shows the necessity for the addition of a source 
of nitrogen in all cases where tests such as those reported here are to 
be made. Table 3 also shows that plants which represent very widely 
different species contain excellent sources of food for legume bacteria. 
Orange juice, tomatoes, lettuce, and spinach would show an especially 
high activity if comparisons were made on a dry basis. The least 
stimulating extracts were those from beets, sweet potatoes, turnips, 
apples, and carrot tops. No experiments were made to deter min e if the 
low activity of these extracts was due to the presence of toxins, as was 
















































Nov. 15,1927 Growth oj Bacillus radicicola on Artificial Media 923 


previously found to be true in the case of red clover tops. In these 
experiments yeast isolated in pure culture from a commercial yeast 
cake and grown on a synthetic medium failed to show any appreci¬ 
able synthesis of the bacterial stimulant or food; on the other hand, 
an extract of the commercial yeast cake was very active. The 
activity can probably be attributed to the original ingredients used 
in preparing the commercial product. 

SUMMARY 

A study of the growth-promoting properties of plant extracts for 
legume-nodule bacteria is reported. The results given were obtained 
with a red clover organism, this culture having shown a greater 
response in preliminary tests than any other strain used. It was 
found that certain strains of the organism, which ordinarily make a 
poor growth on a simple sugar-salt medium, produce luxuriant 
growth in the presence of the juices of certain plants. Extracts were 
prepared from 26 different plant materials, both legumes and non¬ 
legumes, inclixding vegetables, fruits, and field crops. The extracts 
from practically all of these increased bacterial growth to some 
extent, at least when used in the proper concentration; but the 
activity varied widely for different plants and even for different 
parts of the same plant. Extracts of legume roots particularly favor 
the growth of Bacillus radicicola. Of the nonlegume extracts, the 
best were from lettuce, cabbage, carrot, spinach, tomato, green corn 
tops, bluegrass, and orange. The bacterial food value of any extract 
of any given species of plant varies widely with different samples, 
depending largely on the stage of maturity. 

These studies have shown very definite!} 7 that there is a wide dif¬ 
ference in the response of various strains of legume bacteria to plant- 
extract media. Of 30 strains taken from as many different species of 
plants, the clover-alfalfa group of organisms gave the largest increases 
in growth. Many strains will, however, show increasing response to 
plant extracts after several transfers on the same medium. 

A report of experiments to determine the nature of the plant con¬ 
stituents which are primarily responsible for the production of such 
abundant growths of certain strains of legume-nodule bacteria, when 
the extracts are added to artificial liquid media, will be given in a 
subsequent paper. 
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RELATION OF TEMPERATURE TO GROWTH OF PENI- 
CILLIUM ITALICUM AND P. DIGITATUM AND TO 
CITRUS FRUIT DECAY PRODUCED BY THESE FUNGI 1 

By H. S. Fawcett, Plant Pathologist, Graduate School of Tropical Agriculture 
and Citrus Experiment Station, University of California, and W. It. Barger, 
Associate Physiologist, Office of Horticultural Investigations, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Two of the most important decay-producing fungi in citrus fruits 
are Penieillium italicum, which produces blue contact mold, and P. 
digitatum, which produces common green mold. The investigation 
of these fungi in relation to temperature had for its purpose the 
gaining of information not only on the rate of growth from day to 
day on artificial media but also on the rate and percentage of decay 
produced in orange fruits. The results were found to show interest¬ 
ing differences in rate of decay between the stem end and the stylar 
end of the fruit. 

METHODS 

The cultures of the two fungi were grown on glucose-potato agar 
in Petri dishes 90 cm. in diameter, each dish containing 10 c. c. of the 
medium. Minute drops of water containing a few spores were placed 
on this medium at the center of each dish, and the dishes were 
promptly placed in the temperature chambers. The fluctuations in 
each chamber were about one-half degree centigrade. The diameter 
of the circular mycelial mat in each dish was measured at intervals 
of two days. 

The fruits used in the experiments were Valencia oranges from 
Orange County, Calif., picked during the latter part of August, 1925. 
They had been washed in the packing house and were prepared by 
being rinsed with 95 per cent alcohol, injured with uniform clipper 
cuts approximately one-half centimeter in diameter at both the stem 
and stylar ends, and inoculated by brushing spores on the injuries. 
The dippers were dipped in alcohol and flamed before each cut. 
The spores were taken from decayed fruit that had been inoculated 
with pure cultures of Penieillium italicum and P. digitatum and that 
showed no outward signs of contamination with other fungi. The 
fruit was then soaked four minutes in water at 95° and 115° F., 
allowed to drain and dry on wire racks, and wrapped in individual 
orange wrappers. Lots of 10 fruits each were placed in net bags 
for storage at different temperatures. 

Separate uninoculated lots of eight fruits each were held at each 
temperature and weighed at intervals to determine the shrinkage 
and to serve as checks against the relative humidity readings. 
Temperatures of other individual fruits were taken by inserting 
mercury thermometers. A hair hygrometer was used in taking the 
relative humidity record. 


1 Received for publication July 27, 1927; issued December, 1927. Paper No. 107, University of Cali¬ 
fornia, Graduate School of Tropical Agriculture and Citrus Experiment Station. 
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Except in cases in which decay had started at both ends or the 
decayed area was so large as to make further keeping impracticable, 
the fruit was returned to the temperature chambers for further ob¬ 
servation. After 12 days at the different temperatures, the lots of 
fruit were removed from the several chambers and placed in moist 
jars at about 70° F. for further study of the development of decay. 

Table 1 gives the air and fruit temperatures in the various main¬ 
tained-temperature compartments for the first six days. 

Table 1. —Fruit temperatures of California Valencia oranges stored at different 

air temperatures 


Fruit temperature (° F.) at average « air temperature of— 


Day of storage 

! 

50.0° F. 

57 7° F. 66.8° F. 

i 

74.8° F. 

80.6° F 86.0° F. 88 7° F. 

First. 

1 i 

| SO. 7 

1 

80.7 ; 80.7 

80.7 

80.7 80.7 80.7 

Second.... 

i 56.5 

! 63.3 i 70. 2 

! 73.9 

78.8 85.0 89.1 

Third..... 

, 56.0 

i 63.0 1 70.2 

76.0 

80.0 85.5 89.7 

Fourth..... 

' 54.0 

66.0 j 69 2 


. 86.0 91.8 

Fifth... 

1 55.0 

! 64.0 | 70.0 

76.0 

81.0 86.0 90.0 

Sixth... 

54.0 

, 64.0 69.0 

76.0 

81.0 85.0 88.5 


a Average for 12 days. 


Table 2 gives average air temperatures, relative humidity, and 
weight lost by the fruit during the first eight days. 

Table 2. —Relative humidity and loss in weight of California Valencia oranges 
stored at different air temperatures 


Average air temperature « 


Item —— r- 

j 50.0° F.j 57.7° F. 

. ... i ' 

66.8° F. 

74.8° F. 

i 

80.6° F. 

86.0° F. 

88.7° F. 

Relative humidity °.! 41.6 53.3 

Loss in weight per 100 gm. fruit, 6 gm.| 1.22 i 1.39 

65.4 

1.55 

77.7 

85.1 

1.0 

89.7 

1.95 

i 

83.7 

4.85 


• Average for 12 days. * Average for 8 days. 


GROWTH RATE OF PENICILLIUM ITALICUM AS INFLUENCED 

BY TEMPERATURE 

Table 3. —Growth of Penicilliurn italicum in orange fruits and in glucose-potato 
agar at different temperatures 


AVERAGE DIAMETER OF DECAYED SPOTS ON ORANGES 


Fruit end and culture 

Days 

50° F. 

57.5° F. 

66.S° F. 

74 8° F. 

80.6° F. 

86° F. 

88.7° F. 

1 

4 

Mm. 

1.2 

Mm. 

12.5 

Mm. 1 
20 4 ; 

Mm. 
28.9 I 

Mm. 

23.7 

Mm* i 
16.2 

Mm. 

10.1 

Stem end,.!- 

6 


28 7 

43 1 ] 

43.7 j 

41.0 

21.1 

32.2 

8 

24.2 

41.4 

57.7 

59.5 

57.8 

24.5 

12.3 

j 

12 

48.0 

78.0 




36.1 



4 

0.0 

1.2 

8 5 

11.5 

8.2 

6.5 

0,0 

Styhrend._.!■ 

6 


18.5 

26.0 

27.0 

16.8 

9.7 

0.0 

8 

9.8 

26 3 

39.7 

39.8 

24.3 

36.8 

0.0 

! 

12 

27.8 

58.2 




24. 5 



DIAMETER OF FUNGUS MYCELIAL MAT ON GLUCOSE-POTATO AGAR 


4 11.0 21 24 28 20 12 0 

6 18.5 31 35 37 32 14 7 

8 26.0 40 44 49 36 18 9 

12 35.0 57 67 65 49 20 11 


Culture. 
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The data in Table 3 and Figure 1 show that Penicillium italicum 
when grown on glucose-potato agar made somewhat the same general 
response to temperature as when invading the orange fruits. The 
curves in Figure 1 all have the same optimum point. There is one 
interesting difference, however, in that the growth on the artificial 
medium was proportionally faster than on the fruit at the low 
temperatures, especially in the fruit held four days. From about 
75° F. up, the rate on the artificial medium was about the same 
as at the stem-end half of the fruit. In eight days the decayed areas 
at the stem-end were almost as large as the mycelial mats in cultures 


at the lower temperatures and ex¬ 
ceeded their growth from about 
57° F. up. The average rate of 
enlargement of decayed spots near 
the stylar end was very much slow¬ 
er than with those near the stem 
end at all temperatures during the 
first eight days. In 12 days the 
enlargement of decayed spots at 
the stylar end closely approached 
that of mycelial mats in cultures. 
As is seen from Table 1, the fruits 
at the lower temperatures were 
slow in cooling down to the tem¬ 
perature of the air in the chamber. 
This difference in rate of cooling 
would not seem to account for the 





k ey ArilflravvmAri'f- nf rnf ovaaq qq Fig. 1— Growth of Penicillium italicum in relation 

g m enlargement 01 rot areas as to temperature and to location of inoculation. 

compared with the advance m artl- (Lower graphs, 4-day growth; upper graphs, 

ficial cultures. In fact a greater 8da It g styiar h hair or fruit- 

lag would be expected if the fruit 
had cooled as rapidly as the cul¬ 
tures. This difference is probably due to a resistance in the living 
cells of the fruit to the advance of the invading organism, which 


resistance is relatively greater at low than at higher temperatures. 
These data indicate that temperatures between about 65° and 80° 
are conducive to a rapid rate of decay from P. italicum and that 
at temperatures below and above this range the rate is rapidly 
retarded. A temperature of 90.5° F. appears to be near the upper 
limit for growth. A temperature of 50° F. appears to be consider¬ 
ably above the lower limit, but greatly retards the rate of devel¬ 
opment of decay. 

A marked difference in rate of decay is shown between the stem 
and the stylar half of the fruit. The shape of the graphs of the 
enlargements, however, is very similar, indicating the same optimum 
point near 75° F. with a retardation of rate at lower and higher 
temperatures in much the same way in both cases. 
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GROWTH RATE OF PENICILLIUM DIGITATUM AS INFLUENCED 

BY TEMPERATURE 

Table 4. —Growth of Penicillium digitatum in glucose-potato agar at different 

temperatures 


Diameter of mycelial disks at— 


xjays 

50° F. 

57.5° F. 

66.8° F. 

74.8° F. 

80.6° F. 

86° F. 

90.5° F. 


Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Second... 

0 

6.7 

13.0 

14.5 

15 

5.0 

0 

Fourth.... 

6 

20.0 

35.0 

38.0 

30 

5.0 

0 

Sixth... 

13 

33.0 

53.5 

56 0 

37 

6.5 

0 

Eighth.... 

22 

53.0 

75.0 

1 76.0 

51 

7.5 

0 


The data in Table 4 and Figure 2 indicate that Penicillium digitatum, 
also has an optimum temperature somewhere near 75° F., and possi¬ 
bly, as judged from the shape of the graphs, the optimum is a little 
lower than that of P. italicum. The retardation of growth in passing 
from the optimum to lower and higher temperatures appears to be 
relatively more rapid than with P. italicum. The upper limit appears 
to be below 90.5° F., since no growth took place at that temperature. 
At 50° F. a marked retardation is evident. The rate of spread of this 
fungus was so rapid that measurements on the fruit corresponding 
to those for P. italicum were not feasible. 


DECAY OF FRUIT BY PENICILLIUM ITALICUM 

Table 5. — Penicillium. italicum decay on inoculated California Valencia oranges 
stored at different temperatures, showing relative susceptibility of stem and stylar 
end of fruit 


Temperature of air (°F ) 


50. 


86 ., 


Avcrage. 


Average- 


66 . 8 .. 


74.8.. 

80.6.. 


Average. 


Average- 


S8.7.. 


Average- 


Num¬ 
ber of 
fruits 


Percentage of injuries showing decay after- 


10 | 
10 
10 


CO 

no 

00 


80 


100 

100 

60 

100 

100 


92 


100 

90 

90 


3.3 


0 

40 


33 3 


4 days j 

Stem 

Stylar 

end 

end 

30 

0 

0 

0 

0 

0 

10 

0 


10 

60 

20 


30 


60 

70 

30 

60 

60 


50 

0 

30 


26.7 


0 

10 

10 


8 days 


Stem Stylar 
end end 


100 

70 

80 


83. 3 


fit) 

20 

10 


30 


100 90 

100 100 

100 100 


100 


96.7 


100 

100 

90 

100 

100 


100 

100 

90 

100 

70 


98 


100 

100 

100 


100 


0 

50 

90 


46.7 


92 


60 

0 

30 


30 


0 

50 

40 


30 


12 days 


Stem 

end 


100 

100 

100 


300 


Stylar 

end 

90 

100 

90 


93.3 


28 days 


Stem 

end 


100 


100 

100 

100 


100 


0 

50 

90 


46.7 


300 


70 

0 

30 


33.3 


0 

50 

40 


30 


Stylar 

end 


40 50 

60 70 

90 j 40 


63.3 


53.3 
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Differences in temperature produced noticeable differences in the 
quantity and location of decay and in the time required, for the in¬ 
juries to soften. _ Table 5 gives the percentage of injuries showing 
decay on Valencia orange fruits inoculated with Penicillium italicum 
at the stem and stylar end. Figure 3 contains a graphical presenta¬ 
tion of the average percentages. Practically all the fruit held at 
temperatures ranging from 57.5° to 86° F. decayed in 4 or 8 days, 
but when held at 50° total decay required from 8 to 12 days. At 
88.7° the amount of decay was below 50 per cent at the end of 12 
days, and increased to only a little over 60 per cent during 16 addi¬ 
tional days in 70° moist jars. This fact suggests a possible killing of 
some spores by the high temperature. In fact, in one experiment 90 
per cent of the fruit started to soften at the injuries during the first 
four days, but all of these spots became dry and showed no advance 
or spore formation during the rest of the high-temperature storage 
period, and only about 50 per cent of the inoculations developed 
decay after the fruit was removed 
to 70° moist jars. 

The difference in amount of de¬ 
cay present in injuries at the stem 
and stylar ends is found mainly in 
the period of maximum produc¬ 
tion of decay. At temperatures 
from 57.5° to 80.6° F. practically 
all fruits were decayed at both ends 
in 8 days, although the maximum 
production of decay at the stem 
end occurred during the first 4 days 
while that at the stylar end occurred 
during the second 4 days. At 50° 
practically all the fruits were de¬ 
cayed at both ends in 12 days, 
although the maximum production 
of decay occurred at the stem end 
during the second 4-day period while that at the stylar end occurred 
during the third period. The fruit held at 86° showed decidedly less 
decay at the stylar end than at the stem end and the difference was 
consistent throughout three experiments. At 88.7° the percentage of 
decay was slightly less at the stylar end than at the stem end, and the 
maximum development of decay at the stylar- end came during the 
4-day period following that at which it occurred at the stem end. 

DECAY OF FRUIT BY PENICILLIUM DIGITATUM 

Table 6 gives the percentage of injuries showing decay due to 
Penicillium digitatum at stem and stylar end of Valencia oranges. 
These averages are graphically presented in Figure 3. The decay 
of orange fruits by P. digitatum apparently is affected more by 
differences in temperature than is that by P. italicum. There ap¬ 
pears to be relatively less decay by P. digitatum at temperatures 
above 80.6° F. and below 66.8°. This difference in general parallels 
the relative difference in rate of growth of the two organisms at the 
various temperatures. At temperatures of 66.8° to 80.6° practically 

76728—27-5 



Fig. 2—Growth of Penicillium digitatum on glu¬ 
cose-potato agar in relation to temperature 
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all the fruit decayed from P. digitatum in four days, while at 50° 
to 57.5° and at 86° only from 70 to 80 per cent of the fruit decayed 
during the first four days and very little additional decay developed 



Fig. 3 —Average decay of California Valencia oranges at stem and stylar end during storage at 

50° to 90.5° F. 


later. No fruit decayed at 90.5° and only about half the fruits 
developed decay during 30 additional days at 70°. Thus with P. 
digitatum greater inhibition is shown at 90.5° than occurred with 
P. italicum at 88.7°. 


Table 6. —Penicillium digitatum decay on inoculated California Valencia oranges 
stored at different temperatures, showing relative susceptibility of stem and stylar 
end of fruit 






"Percentage of injuries showing decay after— 



Temperature of an 
(°F.) 

Num- 
bci of 

4 days 

8 days [ 

i 

12 d 

ays 

28 days | 

42 dn>s 


fruits 


St>lor 










SI cm 

Stem 

Stylar 

Stem 

Stylar 

St om 

St ylai 

Stem 

St ylar 



end 

end 

end 

end 

end 

end 

end 

end 

end 

end 


f 10 1 



100 

50 

100 

100 





50..-. 

1 10 | 



70 

30 

70 

30 

















Average. 

“ j 



85 

| 40 

85 

65 

. 

.j 

- 


57.5. 

( to 

, 90 

20 

100 

100 


ZZj 





l 10 j 

70 

30 

70 

30 


i 





Average. 


SO 

25 

85 

05 








f 10 

100 

100 






; " j 

- 


66.8_ 

l 10 

100 

100 










If 10 

100 

100 




. 





4(4*0____ 

l 10 

100 

90 









on A 

J 10 

100 

90 









OVl.t)-..-. ____ 

V 10 

80 

100 









Average. 


90.7 

96.7 









86. 

if 10 

80 

60 

80 

(0 

80 

CO 






X 10 

60 

70 

70 

70 

70 

70 





Average. 

I 

70 

65 

75 

65 

75 

on 





90.5. 

If 10 

0 

0 

0 

0 

0 

0 

0 

10 

__r 

40 

|\ 10 

0 

0 

0 

0 

0 

0 

0 

0 

70 

70 

Average. 

I 

0 

0 

0 

0 

0 

0 

0 

5 

60 

55 
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At temperatures ranging from p6.8° to 86° F. decay at the stylar 
end was more rapid with Penicillium digitatum than with P. itdlicum. 
As much decay was produced at stvlar-end injuries by P. digitatum 
in the same time at temperatures of 66.8° to 86° as was produced at 
stem-end injuries. At temperatures of 50° to 57.5° the maximum 
production of decay at the stylar-end injuries occurred one 4-day 
period later than maximum decay at the stem-end injuries. 

SUMMARY 

Penicillium italicum and P. digitatum , the two fungi most commonly 
producing soft rot in citrus fruits, are in general affected similarly 
by different temperatures. 

On culture media as well as on orange fruits both appear to have 
nearly the same optimum temperature for development. The differ¬ 
ences, however, between the rate of growth at the optimum as com¬ 
pared with the rates at higher and lower temperatures are greater 
with Penicillium digitatum than with P. italicum. 

In most cases the rate of development of decay was much more 
rapid at the stem end than at the stylar end of the orange fruits. 
The percentage of decay in most cases was also greater from injuries 
near the stem end than from equal injuries near the stylar end. 

In lots of fruit inoculated with Penicillium italicum and held, 
respectively, at 66.8°, 74.8°, and 80.6° F., nearly all fruits showed 
decay in 4 days, while lots held at 86° and 57.5° showed similar 
decay in 8 days, and lots held at 50° showed similar decay in 12 days. 

In lots inoculated with Penicillimn digitatum much the same 
general relation of temperature to time and percentage of decay was 
noted except that apparently the temperatures above and below the 
optimum had a greater relative inhibiting effect than in the lots 
inoculated with P. italicum. 




THE RESISTANCE OF CERTAIN VARIETIES OF WINTER 
WHEAT TO ARTIFICIALLY PRODUCED LOW TEMPER¬ 
ATURES 1 

By Donald D. Hill, Instructor in Agronomy, and S. C. Salmon, Professor of 
Farm Crops , Kansas State Agricultural College 

INTRODUCTION 

As is well known, injury to wheat by winterkilling results in severe 
losses in the winter-wheat-producing regions of the United States. 
The exact loss is difficult to estimate because it is so easily confused 
with injury from other causes such as drought, soil blowing, Hessian 
fly, etc. According to estimates made by the United States Depart¬ 
ment of Agriculture, 2 the average loss from frosts or freezing for the 
14-year period 1909 to 1922 was 3.5 per cent. According to the same 
authority, the average acreage abandoned for the 23-year period 
from 1901 to 1923 was approximately 10 per cent. Much, but not 
all, of this abandonment was due to winterkilling. 

The problem of winter hardiness is somewhat more important than 
these estimates suggest, since there is involved not only the actual 
loss but also the potential gain that might be derived from growing 
winter wheat in what is now regarded as spring-w T heat territory were 
it possible to secure varieties that would survive the winters. 

Varieties are known which are considerably more hardy than those 
generally used in commercial production. They have certain defects, 
however, such as late maturity, inferior quality, and low yields, 
which more than offset their greater hardiness for most conditions. 

These facts suggest that breeding w T heat for cold resistance may 
properly be considered a project of major importance and worthy of 
serious attention. In such a project the determination of the relative 
hardiness of varieties now in existence, as well as of any new ones 
that may be produced, is of first importance. This, however, is a 
difficult matter because of the variations in seasons as well as other 
sources of error. Some winters are so mild that the least hardy 
varieties survive and others are so severe that all are killed. In 
either case, nothing is learned as to their relative winter hardiness. 
At the Kansas station, for example, nine successive winters have 
been so mild that no information on relative winter hardiness has 
been obtained. It is known from previous experience, though, that 
a variety to be generally satisfactory in Kansas must possess a reason¬ 
ably high degree of winter hardiness. The importance of the problem 
is further emphasized by the fact that at the present time approxi¬ 
mately 4,000,000 acres of Blackhull, a variety of questionable winter 
hardiness, is being grown in this State. It is believed that the success 
of this variety has been partially due to the mild winters prevailing 
in Kansas during the past few years. These facts suggest the urgent 
need of some method of determining the relative winter hai'diness 
more quickly and more certainly than can be done by field trials. 

1 Received for publication Oct. 11,1927; issued December, 1927, Contribution No. 172, Department of 

Agronomy, Kansas State Agricultural College. # 

2 United States Department of Agricuture. agricultural statistics, bread grains. U. S. 
Dept. Agr. Yearbook 1923: 601-661. 1924. 
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Many attempts have been made to correlate cold resistance with 
some easily observed morphological or physiological character. 
The relation of winter hardiness to the size of the cells, the habit of 
growth, osmotic pressure of the cell sap, the water and sugar content 
of the tissue, the hydrophilic colloids of the protoplasm, and other 
characters have been studied. No results ol great value have been 
secured, so far as finding a practical means of detecting winter- 
hardy varieties or strains is concerned. 

EXPERIMENTAL DATA 

During the past year an attempt was made at the Kansas Agricul¬ 
tural Experiment Station to determine the feasibility of artificially 
freezing plants as a means of determining their relative hardiness. 
The general plan was to grow varieties of known hardiness and 
subject them to low temperatures under controlled conditions. 
The low temperatures were secured with a carbon dioxide direct- 
expansion refrigeration plant, in which temperatures wore controlled 
automatically. In a preliminary trial 25 varieties were studied, but it 
seemed desirable in later experiments to limit the study to 10, so 
selected as to secure a rather wide range in winter hardiness. The 
plants were grown in the greenhouse and subjected forvarious degrees 
of cold for different periods of time with and without previous 
hardening and with various degrees of soil moisture. Part of the 
plants were grown in greenhouse flats and part in 4-inch clay pots. 
After freezing, the plants were thawed gradually and then placed in 
the greenhouse with suitable temperatures for growth. The apparent 
injury to the plants was recorded from 5 to 7 days after freezing 
and the final survival 10 to 14 days later. About 100 trials of 100 
plants each were made, of which about 75 per cent wore hardened 
before freezing. Table 1 gives the average survival of about 50 trials 
in which the plants were hardened for various periods of time previous 
to freezing. The relative average survival of nine of these varieties 
grown in the uniform whiter-hardiness nurseries of the United States 
Department of Agriculture for the two years 1925-26 and 1920-27 is 
also given for comparison. 3 

Table 1 . —Average survival of wheat varieties expressed as a 'percentage of Kharkof 


Variety 


Minhardi. 

Buffum. 

Minturki. 

Kharkof. __ rc 

-Kanred.. _ ^ 

Harvest Queen... 

Tenmarq. 

Blaekhull.31 

Fulcaster. 3 . ,3 

Nebraska No* 28 .3.333 




Uniform winter- 

Artificial refrig¬ 
eration 

hardiness nurs¬ 
ery: Average 
3925-26 and 



1926-27 

Survival 

Hank 

Survival 

Bank 

Per cent 


Per cent 


96 

4 

123.9 


104 

1 

122*5 


88 

5 

116.5 


100 

2 

100,0 


100 

2 

95.9 


80 

6 

87,7 


73 

7 

85.6 


67 

8 

77.2 


64 

47 

9 

10 

71.5 





3 Data kindly furnished by J, Allen Clark, J. H. Martin, and J. H. Parker. 
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Nebraska No. 28 was not included in the uniform winter-hardiness 
nurseries in these two seasons, but from previous work 4 and from 
data secured at Manhattan it is known that this variety is relatively 
nonwinter hardy as measured by field tests. It may be seen that 
excepting the two very hardy varieties, Minhardi and Minturki, 
the results for the two methods of testing are in very close agreement. 
In general the failure to agree in all respects is not surprising, consider¬ 
ing (1) the variation in the comparative hardiness from year to year 
and from place to place in the field trials; (2) the fact that in field 
trials, factors other than degree of cold undoubtedly played a part; 
and (3) that in the artificial refrigeration trials, the plants were 
only partially hardened. The periods of hardening were in no case 
longer than 19 days, and often only 3 or 4 days with temperatures 
seldom or never below 20° F. 

The usefulness of artificial refrigeration was also shown in trials 
comparing Kanred and Blackhull. The popularity and large acreage 
of the latter variety in the southern Great Plains suggested extensive 
trials with it in comparison with Kanred. Plants of these two 
varieties were dug up from field plots in January, placed in small 
greenhouse flats, one-half of each flat being Kanred and the other 
Blackhull, and subjected to a minimum temperature of approxi¬ 
mately —10° F. for various periods of time. Table 2 gives the detailed 
results. 

Table 2. —Relative survival of Kanred and Blackhull wheat when subjected to low 

temperatures 


Lot No. 

1 

i 

Variety 

Hours 

frozen 

Apparent injury at I 
end of— ; 

Survival 

7 days 

I 

15 days ! 

* “ 



Per cent 

Per cent 

Per cent 


/Kanred. 

fi 

10 , 

0 

100 


\BlackhuIl. 

r> 

10 

0 

! 100 

O 


12 

20 j 

30 

100 

. 

1 Blackhull.-.-. 

12 

50 ! 

80 

40 

Q 

/Kanred... 

15 

15 1 

20 

100 


\ Blackhull. 

15 

50 

98 

2 

A 

/Kanred. 

18 

30 ' 

30 

100 


\ Blackhull. 

18 

50 I 

100 

0 


/Kanred. 

21 

50 

70 

60 

0-- 

\BlackhulL. 

21 

80 

100 

0 


/Kanred... 

24 

60 

90 

10 


\Blackhull. 

24 

85 ! 

100 

0 


It will be observed that the results are in close agreement with 
what is known of the relative survival of these varieties as determined 
in the uniform winter-hardiness nurseries. Altogether the results of 
the artificial refrigeration trials indicate that the method is a very 
promising one for studying the relative hardiness of different varieties. 

A very interesting and equally important factor in the study of 
winter hardiness is the degree of hard> ning to which the plants are 
subjected before they are frozen. This is illustrated in Table 3, in 
which are given the results of 17 trials with greenhouse-grown plants 
subjected to freezing temperatures without previous hardening. 


* Clark, Jf. A., Martin, J. H., and Parker, J. H. comparative hardiness of winter-wheat vari¬ 
eties. U. S. Dept. Agr. Oire, 378,20 p., illus. 1926. 
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Table 3. _ Average survival in 17 freezing trials with unhardened plants, expressed 

as a percentage of Kharkof 


Variety 

Percentage 

survival 

no 

Rank 

6 


GO 

3 

5 


too 

1 


too 

1 


71 

4 


40 

9 


54 

7 


28 

8 

10 





The average survival of the three varieties Minhardi, Bull uni, and 
Minturki, known to be hardiest under field conditions, was but little 
better than that of such varieties as Blackball, Harvest Queen, and 
Fulcaster, known to be relatively low in the winter-hardiness scale. 
This suggests not only that hardening is very important in determin¬ 
ing survival but also that different varieties react very differently in 
this respect. It is probable that had the experimental plants been 
more thoroughly hardened before freezing, the results presented in 
Table 1 would have been much more favorable for those known to 
be winter-hardy under field conditions. It seems quite likely that 
hardiness is due to the ability of certain varieties to build up, in some 
way, a high degree of protection from cold, whereas other varieties 
lack this ability. Observations made on individual lots support this 
idea in that hardy varieties appeared to the best advantage in those 
cases where hardening was more nearly complete. 

The effect of differences in hardening is also indicated by data 
obtained from freezing individual lots of Kanred which had either not 
been hardened or had been subjected to two conditions of hardening, 
namely, mild or greenhouse hardening and field hardening. The data 
presented in Table 4 show how little of the maximum hardiness had 
been built up by the greenhouse hardening. The difference between 
the mild-hardened and the field-hardened plants is especially marked. 
In view of the behavior of the hardier varieties in these trials it is 
not unreasonable to suppose that the difference might be still greater 
with other varieties. 

Table 4. —Freezing trials with Kanred unhardened and hardened for different 

periods 


Treatment 

Mean 

tempera¬ 

ture 

Period of 
freezing 

Survival 

Unhardened........ 

°F. 

0 

Hours 

2.5 

Per cent 
70 

Mild hardened.... 

0 

5.0 

70 

Field hardened..... 

-10 

18.0 | 

100 

Do. 

-10 

21.0 

60 




In a general way, it appears that the 10 varieties may be placed, 
tentatively at least, in three groups. (1) Varieties which are rela¬ 
tively hardy when thoroughly hardened before freezing. This group 
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includes Minhardi, Minturki, and Buffum. (2) Varieties which are 
relatively hardy when hardened before freezing but which also carry 
a relatively high degree of hardiness in the unhardened condition. 
In this class are Kanred, Kharkof, and possibly Harvest Queen. (3) 
Varieties which are relatively nonhardy regardless of whether they 
are hardened prior to freezing. Such varieties are Blackhull, Ne¬ 
braska No. 28, Fulcaster, and probably Tenmarq. 

The relation of the moisture content of the soil to resistance to 
freezing injury was also investigated in a number of trials. In all 
cases, it was found that plants growing in a dry soil were injured 
much more severely than similar plants in a wet soil. Plants dried 
to the point of wilting and watered just before freezing survived as 
well as those which had been abundantly supplied with water at all 
times. This is easily explained by the high specific heat of water which 
in a wet soil prevents a rapid change in temperature, the net result 
being that those plants in dry soil are exposed to a lower temperature 
than those in wet soil. These results confirm the general observation 
that winterkilling is frequently more severe in dry soils than in 
those well supplied with moisture, excepting, of course, those cases 
where winterkilling is a result of heaving or smothering rather than 
of low temperature. These relations would seem to be particularly 
important in determining artificially the relative winter hardiness of 
varieties. It is rather difficult to maintain a uniform moisture con¬ 
tent under greenhouse conditions, and if this matter is not carefully 
considered, differential results in freezing may be due as much to 
differences in moisture content of the soil as to differences in varieti es 




RELATION BETWEEN WATER AND POTASH IN PLANT 

PRODUCTION 1 


By* Fred W. Morse 3 
Massachusetts Agricultural Experiment Station 

INTRODUCTION 

The beneficial effects of potash fertilizers in dry seasons are men¬ 
tioned by Hall in his description of the Rothamsted experiments. 3 
The relation between potash fertilizers and the economical use of 
water by crops has also been discussed by Yon Seelhorst. 4 Hall 
considers that plentiful potash prolongs the growth of the plant and 
offsets the ripening action of the phosphoric acid, which in the 
absence of potash acts prematurely and the action is intensified by 
the heat and dryness. The opinion of Von Seelhorst is that the 
potash effect is in accord with the law of the minimum, and he 
shows that if nitrogen or phosphorus is the scarce element, its addi¬ 
tion will likewise produce a more efficient use of water by the plant. 

As part of a study of the availability of the potash naturally 
present in some typical soils, observations were made on the relations 
between the water supply and potash supply by means of pot experi¬ 
ments with soy beans and Japanese millet. These two crops are 
distinctly different types and are admirably suited to growth in pots 
during the summer. 

Wagner pots 5 25 cm. in diameter and 33 cm. in depth were used 
in these experiments. 

EXPERIMENTS OF THE FIRST SEASON 

For the first season the soil was taken from a field of the experi¬ 
ment station called “field G, n which for 30 years had been used 
for comparative studies of potash fertilizers. The soil was a fine 
sandy loam belonging to the Merrimac series and was a bit heavy 
for pot experiments. 

One lot of soil was taken from the surface of two plots that had 
been without potash fertilizers for over 30 years, but had been liber¬ 
ally supplied with nitrogen and phosphates. A second lot of soil 
was mixed from the surface of two plots which had received potash 
fertilizers annually in addition to the other chemicals—in the one 
case, muriate of potash; in the other, sulphate. From these two 

1 Received for publication Oct. 4,1927; issued December, 1927. Published by permission of the director 
of the Massachusetts Agricultural Experiment Station. 

2 Credit is due R, L. Coffin for the execution of all details of the pot experiments and to H. D. Haskins 
and L. S. Walker for the chemical analyses of the crops. 

<* Hall, A, D. the book of the rothamsted experiments. Ed. 2, rev. by E. J. Russell, p. 59, 87. 
London, J. Murray, 1917. 

^ Seelhorst, C. von, wie wirkt eine kalidCngung auf den wasserverbrauch der pflanzen 
IJND auf den ‘WASSERGEhalt der ERDE. Jour. Landw. 63: [345]-356. 1915. 

fi Lindsey, J. B. wagner method of pot culture. U. S. Dept. Agr., Expt, Sta. Rec. 7: 77-87, illus. 
1895. 
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lots^ of soil there were prepared four different series of pots for com¬ 
parison, viz: Series A, soil from plots without potash; series B, with 
potash added to the soil of series A; series C, soil from plots with 
potash residues; and series D, with potash added to the soil of 
series C. 

By this arrangement, a soil considerably exhausted of its natural 
potash was compared with a soil containing the residual potash of 
30 years' continuous applications of that substance in the fertilizers, 
and with soluble salts of potash added to both. 

Each lot of soil was thoroughly mixed; the amount for each pot 
was weighed and the chemicals allotted were mixed with it before 
the pot was filled. 

The amounts of fertilizer chemicals used in every pot consisted 
of 1.5 gm. ammonium nitrate and 3 gm. double superphosphate. 
The pots which received potash were each allotted 1 gm. of potassium 
sulphate. These quantities were calculated to be proportional to 
the amounts per acre used annually on the plots. 

Three different quantities of water were used, as follows: A 
maximum supply calculated to be 50 per cent of the water-holding 
capacity of the soil, a medium supply of 37.5 per cent, and a mini¬ 
mum supply of 25 per cent. 

After the addition of its allotment of water, the gross weight of 
the pot w T as thereafter used as the basis for maintaining the supply 
of soil-moisture approximately uniform from day to day. 

Seeds were planted in all the pots on June 7. Germination was 
completed in a week, and as growth progressed surplus plants were 
removed until there were left five equidistant plants in each pot. 

Early in their growth, both crops began to show the effects of the 
variations in potash and water supplied them. After about three 
weeks, the millet plants with the maximum supply of water began to 
lag behind those with the medium supply, continued to be inferior in 
size throughout the entire period, and barely surpassed the millet 
with minimum w^ater supply. Heads appeared first on the millet 
with the maximum supply of water, while the plants with the mini¬ 
mum supply were the last to show them. Full height of the millet 
was reached in all pots by August 7, and the plants were harvested 
on August 30. 

The soy beans continued throughout the season to show the effects 
of the variations in water supply upon the size of the plants. The 
soy-bean plants that grew in the soils which contained potash ripened 
normally and were harvested on September 26. The plants in the 
soil which had received no potash for many years grow abnormally. 
They remained green and the pods did not fill well. They were not 
harvested until October 6, when some leaves vrere yet green and the 
pods were badly rusted. 

When harvested the crop of each pot was put in a cheesecloth 
sack and hung in the glasshouse, where the bags remained undis¬ 
turbed, exposed to sun and air, until the chemical analyses could be 
made. 

The air-dry crops were weighed and analyzed. The weights of the 
crops from duplicate pots agreed well in all the pairs and calculations 
were based on the combined crops of each pair of pots. Seed and 
straw were weighed separately with each crop. The millet seed and 
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straw were remixed and analyzed only as crops. The soy beans from 
one of each pair of pots of series A and B were analyzed as separated 
into seeds, pods, and straw because of the marked difference in 
development between the plants with potash and those without it. 
The plants from the duplicate pot were remixed and analyzed as a 
crop. 

It was found by several trials that the moisture content of the 
different crops was quite uniform; consequently, to spve labor, sub¬ 
sequent analyses and calculations were all based on the air-dry state. 

Table 1 . —Weights of air-dry crops and percentages of nitrogen and potash con¬ 
tained m them; first-season experiments 


Crop and series 

Water 

Weight of crop 

Nitro- 

Potash 

supply 

Seed 

Straw 

Total 

gen 

Millet: 


Gravis 

Grams 

Grams 

Per cent 

Per cent 


Maximum.. 

40 

40 

86 

1.21 

0,90 

Series A, soil from plots without potash. 

Medium.... 

55 

51 

106 

.94 

.72 

Minimum. _ 

52 

50 

102 

1.08 

.56 


Maximum.. 

40 

42 

82 

1.05 

1.39 

Series B, potash added to seiies A. 

■[Medium.... 

58 

64 

122 

.94 

.94 

Minimum. _! 

44 

60 1 

104 

.97 

.99 


Maximum.. 

44 

47 

91 

.93 | 

| 1.65 

Series C, soil fiom plots with potash residue.. 

■ Medium_ 

66 

80 

146 

.84 

1.39 

Minimum.. 

53 

76 

129 

! .81 ! 

1 51 


Maximum.. 

4G 

50 

96 

! .82 

1.82 

Series D, potash added to senes C. 

* Medium_ 

61 

76 

137 

.87 

1.72 

Soy beans: 

.Minimum.. 

55 

74 

129 

.83 

1.66 

f Maximum.. 
Medium.... 
[Minimum.. 

48 

180 

228 

2,60 

.41 

Senes A, soil from plots without potash. 

49 

159 

208 

2 . 66 

.47 

37 

107 

144 

2.90 

.55 


[Maximum.. 

96 

191 

287 

2.62 

.61 

Series B, potash added to senes A. 

^ Medium.... 

82 

176 

258 

2 47 

.66 

| Minimum. _ 

55 

108 

163 

2.65 

.72 


[Maximum.. 

113 

222 

335 

2.09 

.91 

Series C, soil from plots with potash residue.. 

< Medium_ 

99 | 

195 

294 

2.35 

1.08 

[Minimum.. 

60 1 

115 

175 

2. 56 

1.10 


[Maximum.. 
\ Medium.... 
[Minimum.. 

110 

224 

334 

2.44 

1.14 

Series D, potash added to series C. 

103 

201 

304 

2.34 

1.13 


60 

114 

174 

2.36 

1.28 


The outstanding result with millet was the failure of the maximum 
supply of water to produce the largest plants, although the concen¬ 
tration of potash in them was highest in each series. (Table 1.) The 
millet in series A, on soil exhausted of potash, yielded by weight more 
seed than straw. Increased supplies of potash increased the straw 
proportionally more than the seed. 

Soy beans showed a different relation to both potash and water. 
The maximum supply of water in all series produced the maximum 
crop, both straw and seed being increased proportionally. The con¬ 
centration of potash was highest in the crops with least water. 
Addition, of potash to the soil exhausted of potash gave a marked 
increase in seed, more proportionally than of straw, especially with 
plenty of water. 
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Table 2 . —Weight of seeds , pods> and straw of soy beans , together with percentages 
of nitrogen and potash %n each , showing the effect of varied supplies of water and 
of potash 


Item 

Weight of crop 

Nitrogen m— 

Potash in- 


Seeds 

Pods 

Straw 

Seeds 

Pods 

Straw 

Seeds 

Pods 

Straw 

Series A, without potash: 

Grams 

Grams 

Grams 

Per cent 

Per ccn^\ 

Per cent 

Per cent 

\Per cent 

Per cent 

Maximum water. 

48 

44 

136 

6. 25 

1.68 

1.61 

1.17 

1 0.15 

0.23 

Medium water. 

49 

39 

120 

6.47 

1.60 

1.43 

1.25 

.15 

.25 

Minimum water. 

37 

26 

81 

6. 88 

1.57 

1 53 

1.26 

.20 

.35 

Series B, with potash: 

Maximum water. 

96 

57 

134 

6.25 

.68 

.87 

1.49 

.12 

.21 

Medium water. 

82 

50 

126 

6 16 

.63 

.81 

1.65 

.37 

. 15 

Minimum water.. 

55 

29 

79 

6 46 

.51 

.79 

1.80 

.10 

i 

.20 


In Table 2 it may be noted that with an abundance of water the 
addition of potash doubled the weight of seed, increased the weight of 
pods somewhat, and did not affect the straw, which consisted of the 
stems and leaves. This in general is the effect with the two series, 
although as the water supply diminished the addition of potash was 
less efficient. 

The composition of the different parts of the plants is striking in its 
variations. Seeds are fairly uniform in percentages of nitrogen. 
The addition of potash produces a somewhat higher percentage of 
that constituent in series B. Without potash, the pods and straw 
of series A contain approximately twice as much nitrogen as their 
corresponding parts in series B. Potash is fairly uniform throughout 
both series. 

The evidence indicates that potash was needed to aid the trans¬ 
location of nitrogen from stems, leaves, and pods into the seeds, and 
by helping in this transfer, greatly increased the weight of seeds. 

EXPERIMENTS OF THE SECOND SEASON 

The pot experiments were conducted a second season with some 
modifications. In addition to the soils from field G, two lots of soil 
were procured from a field that had been especially responsive to 
potash in the fertilizer, and has been described in the reports of the 
experiment station as the “north soil test.” 0 One lot of soil was 
taken from the plot which had received no potash for 30 years and the 
other lot was from the plot which had received the complete fertilizer, 
including muriate of potash. Both plots had always been dressed 
with moderate quantities of nitrate of soda and acid phosphate. 
By adding potash to each of these soils, four series of soils were 
prepared: Series A from the plot without potash; series B with potash 
added to A; series C from the plot with potash; and series D with 
potash added to C. 

Larger amounts of the respective fertilizer chemicals were used this 
year in all the pots because the quantities employed in the previous 
season, although proportional to the field applications, were much 
smaller than experience had shown to be optimum for restricted 
volumes of soil in pots. Each pot of millet received 6 gm. ammonium 
nitrate, 7 gm. double superphosphate, and 6 gin. limestone, while 

•Haskell, S. B. a thirty-year fertilizer test. Mass. Agr. JSxpt. Sta. Bui. 212, p. 1127M5K, Ulus, 
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the pots of soy beans were given 3 gm. ammonium nitrate, 7 gm. 
double superphosphate, and 3 gm. limestone. The potash was sup¬ 
plied to the designated pots in 8 gm. sulphate of potash. 

The maximum supply of water for the millet was 50 per cent of the 
water-holding capacity of the soil, while for soy beans it was raised 
to 60 per cent. The medium supply was 35 per cent for both crops. 
Millet received as a minimum supply only 20 per cent of the water¬ 
holding capacity, but soy beans received 25 per cent, as in the first 
season. The water-holding capacity of the soils ranged between 52 
and 54 per cent, so that they were practically alike in that property. 

Table 3 . —Weights of air-dry crops and percentages of nitrogen and potash con- 
tamed in them; second season experiments 


Crop and series 

Water 

Weight of crop 

Nitro- 

Potash 

supply 

Seed 

Straw 

Total 

gen 

Millet: 


Grams 

Grams 

Grams 

Per cent 

Per cent 


'Maximum _. 

75 

64 

139 

0.88 

0.77 

Series A, soil from plots without potash. 

Medium.... 

68 

63 

131 

.91 

.62 

Minimum.. 

66 

56 

122 

1.60 

.49 


Maximum.. 

91 

103 

194 

.85 

1.73 

Senes B, potash added to series A. 

Medium_ 

90 

107 

197 

.73 

1 89 

Minimum.. 

92 

112 

204 

1.24 

2.10 


Maximum.. 

95 

97 

192 

.90 

1.60 

Series C, soil from plots with potash residue. 

Medium.... 

87 

97 

184 

.80 

1.59 

Minimum. _ 

96 

95 

191 

1.37 

1 52 


Maximum.. 

103 

111 

214 

,80 

1.87 

Series D, potash added to series C.. 

Medium.... 

88 

111 

199 

.77 

2 12 

Minimum.. 

90 

107 

197 

1.38 

2.38 

Soy beans. 







Maximum.. 

45 

158 

203 

3.05 

.72 

Series A, soil from plots without potash. 

Medium.... 

41 

132 

173 

2. 65 

.59 

Minimum.. 

35 

97 

132 

2.88 

.55 


Maximum.. 

154 

257 

411 

3.10 

1.63 

Series B, potash added to series A. 

Medium.... 

103 

191 

294 

2.78 

1.80 

Minimum.. 

74 

132 

206 

2.90 

1.82 


Maximum- 

153 

240 

393 

3.16 

1.23 

Series C, soil from plots with potash residue. 

Medium.... 

101 

181 

282 

2.93 

1.43 

Minimum.. 

67 

127 

194 

2.84 

1.28 


Maximum.. 

152 

238 

390 

2.66 

2.20 

Series T), potash added to senes C.. 

Medium.... 

92 

178 

270 

2.72 

2.07 

.Minimum.. 

75 

129 

204 

2.76 

1.99 

Millet—North soil test series: 








Maximum.. 

86 

72 

158 

1.03 

.30 

Series A, soil from plot without potash. 

■ Medium_ 

55 

52 

107 

.95 

.36 

Minimum.. 

59 

54 

113 

1.53 

.26 


Maximum — 

133 

134 

267 

.90 

1.87 

Series B, potash added to series A. 

Medium — 

82 

93 

175 

.87 

2.10 

Minimum.. 

123 

116 

239 

1.19 

2.00 


Maximum.. 

92 

97 

189 

.98 

. 86 

Series 0, soil from plots with potash residue. 

-.Medium_ 

105 

105 

210 

1 . 06 

.73 

Minimum.. 

106 

100 

206 

1,16 

.65 

i 

[Maximum.. 

101 

111 

212 

.99 

2.23 

Series I), potash added to series C. 

Medium.. 

83 

96 

179 

.87 

2.38 

[Minimum.. 

124 

117 

241 

1.04 

2 32 


Pots were filled and handled as in the first season. Seeds were 
sown June 20. Germination was prompt and the plants were soon 
thinned to five in each pot. Growth without potash was again 
inferior but was proportional to the water supply in the soy beans, 
while millet showed little difference between maximum and medium 
supplies. 

The millet was harvested on September 12. Plants with the 
minimum water supply were least matured and numerous heads were 
imperfect. The pots which received the medium supply of water in 
series B and D of the north soil test did not yield good parallel 
weights. 
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The soy beans grown in series A with little available potash again 
failed to mature with the rest of the crop. The plants on this soil 
that received the most water showed many leaves with edges yellow 
and somewhat curled. The soy beans in all the pots except those 
just mentioned w r ere harvested 115 days after seeding, but the 
plants in series A were grown 120 days before cutting, which was 
performed on October 18. 

The crops were dried, weighed, and analyzed as described in the 
first experiment. The results are shown in Table 3. 

The soils of series A that had been without potash fertilizers for 
years showed a low availabliity of their natural potash. The per¬ 
centages of potash in the crops were very low. The soils of series C 
with their residual potash gave yields about equal to those produced 
by additions of potash, but with somewhat lower percentages of 
potash in the crops than were present in those from the addition of 
potash. 

With plenty of available potash, the variations in water supply 
produced no proportional variations in yields of crops of millet, but 
soy beans were as much influenced by water supply as by potash. 
For illustration, in series B with added potash and maximum water 
supply, the yield of soy beans was double that in series A without the 
potash; also in series B, the yield with the maximum water supply 
was double that with the minimum supply. Approximately the 
same differences in results are to be observed between maximum and 
minimum water supplies in series C and D. 

The effect of potash on seed production in the soy beans was even 
more striking than in the first season. With an abundance of water 
the weights of seed with potash were triple the yield without potash. 

The effect of potash on the seed production of millet was a repeti¬ 
tion of the first season also. Without potash in series A, the yield of 
seed exceeded the weight of straw. With potash in series B, the 
straw exceeded the seed. Seed was increased by potash from 20 to 
40 per cent, while straw was increased from 60 to 100 per cent. 

When the crops from the three series with available potash are 
compared with those from series A, it may be noted that the crops of 
millet from the available potash with the least water exceed in 
weights of seed and of straw the crop in series A with the most water. 

Soy beans when similarly compared show a marked increase in 
seed from the available potash with least water but no increase in 
the straw. Of these pot experiments it can be said that the presence 
of potash increased the efficiency of the limited supply of water in 
developing the plants. 

In Table 4 are given the weights of potash actually recovered from 
the soil in each of the crops. In the first column—series A, without 
potash for years—it is clearly evident that the availability of the 
potash is dependent on the water supply, as the amount recovered 
with the minimum supply of water is much less than that recovered 
with the maximum supply; while additions of potash to the soil give 
large increases in the potash found in the crops, undoubtedly due to 
the greater concentration of the soil solution. 

Both variables, potash and water, affected the two crops in these 
experiments in quite different ways. These different effects are 
shown most dearly in the second season when nitrogen and phos¬ 
phorus were in ample supply. 
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Table 4 . —Weights of potash recovered in crops grown with varied supplies of 

potash and of water 


Crop and season 

Water 

supply 

Potash recovered from 

- 

Series A 
(without 
potash) 

Senes B 
(with 
potash 
added to 
A) 

Series O 
(with 
potash 
residue) 

Series D 
(with 
potash 
added to 
C) 




Grams 

Grams 

Grams 

Grams 



Maximum.. 

0.77 

1.14 

1.51 

1.74 

Millet, first season... 


Medium.... 

,76 

1.15 

2.03 

2. 35 



Minimum.. 

.57 

1.03 

1.93 

2.14 



Maximum. _ 

.93 

1.75 

3.05 

3.81 

Soy beans, first season... 


Medium.... 

,98 

1.70 

3.17 

3.44 



Minimum _ _ 

.79 

1.17 

1.93 

2.23 



Maximum.. 

1.07 

3.35 

3.07 

4.02 

Millet, second season. 


Medium .... 

.81 

I 3.72 

2.92 

4.22 



Minimum.. 

.60 

1 4.28 

2.90 

4.69 



Maximum. _ 

1.45 

6.70 

4.83 

8.58 

Soy beans, second season... 


Medium_ 

1.02 

5.29 

4.03 

5.00 



Minimum.. 

72 

3.75 

2.49 

4.10 



Maximum.. 

! 47 

4.99 

1.62 

4.72 

Millet, second season (north soil test soil). 


Medium.... 

.38 


1.53 




[Minimum. _ 

.29 

4.80 

1.34 

5.59 


In Table 3 a comparison of the yields of millet in series A with 
those in series B shows the gains resulting from the addition of potash 
to be greatest with the minimum supply of water, while a similar 
study of the soy-bean crops shows them to have been most responsive 
to potash with the maximum supply of water. 

These differences in their relations to potash and water are corrob¬ 
orated in Table 4 by the weights of potash recovered in the crops in 
the second season. 

The soy beans recovered the most potash when supplied with the 
maximum quantity of water. Millet recovered the most potash 
from series B and series D when given the minimum supply of water, 
with the exception of the north soil test, series B, when it was slightly 
less than the amount recovered with the maximum water. 

A comparison of series C, having potash residue, with series B and 
series D, both with added potash, shows a marked luxury consump¬ 
tion of that substance. The yields of both seed and total crop in 
series C, (Table 3) are practically equal to those in series B and D, 
but the amounts of potash recovered (Table 4) are notably less. 
Apparently the residual potash of the soil of series C was sufficient 
for the needs of the soy-bean plants. 

The marked increase in the amount of potash recovered by both 
millet and soy beans from series C in the second season, when nitro¬ 
gen and phosphoric acid had been supplied more liberally, indicates 
that the lack of these substance in the first season limited the effect 
of the potash. 

SUMMARY 

Pot experiments were conducted in which Japanese millet and soy 
beans were grown with varied amounts of potash and of water sup¬ 
plied to the soil, in order to ascertain the relation of the water supply 
to the availability of the soil potash and the extent to which additions 
of soluble potash would overcome the lack of water. 

Pom series of pots were prepared with relation to potash. Series 
A contained soil that had received no potash fertilizers for 30 years. 
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Series B had potash added to the soil of A. Series C contained soil 
that had received annual applications of potash fertilizers for 30 
years. Series D had potash added to the soil of C. 

Each series received maximum, medium, and minimum supplies of 
water, based on the water-holding capacity of the soil. The soils 
with the least water were more like a naturally dry soil than a soil 
during a drought because the limited quantities of water were added 
at short intervals. 

The experiments were conducted two seasons. In the first season, 
the supplies of nitrogen, phosphoric acid, and potash were at the rate 
used in the field from which the soils were obtained. The supplies 
of these for the second season were much increased as there were 
indications that the first year’s allowance was too small. 

Both millet and soy beans on the soil without potash for years gave 
yields which varied directly as the supplies of water. The percentages 
of potash in the crops and the quantities by weight indicated that the 
soil potash had a low solubility and the amount available for crops 
was dependent on the supply of water. 

The millet crops when supplied with available potash were not much 
affected by lessened supplies of water. The addition of potash 
increased the production of straw proportionally more than that of 
seed. 

The soy-bean crops were affected by both potash and water supply 
and in about the same proportion. Potash increased seed production 
proportionally more than the yield of straw. On the soil without 
potash for years, soy beans were slow to mature, and analysis of the 
seeds, pods, and straw indicated that, with the lack of potash, the 
nitrogen was not translocated freely from the straw and pods to the 
seeds. 

The plentiful supply of available potash in series B and D in the 
second season gave an increase in absorption of potash by the crops 
which was proportionally greater than the increase in plant growth 
accompanying it. 

Available potash with the minimum supply of water enabled 
millet in the second season to produce 92 gm. of seed and 112 gm. of 
straw, while without added potash but with abundant water it 
yielded 75 gm. of seed and 64 gm. of straw. Soy beans under parallel 
conditions produced 74 gm. of seed with the added potash and 45 
gm. without it, but the straw was affected by the water supply. 

CONCLUSION 

The natural potash of the soils used in these pot experiments had 
a low solubility, and both millet and soy beans obtained their supplies 
of potash from them in direct proportion to the supplies of water. 
The addition of potash to the other fertilizers increased the con¬ 
centration of that substance in the soil solution and the millet was 
then nearly indifferent to the varied amounts of water supplied to 
it. Soy beans were about equally affected by both potash and water. 
For testing the availability of potash in a soil, millet appeared to be 
a better crop than soy beans because the millet was less affected by 
variations in the water supply. 

The results of the experiment are in accord with the law of the 
minimum. 



THE INFLUENCE OF POSITION OF. CATTLE, AS TO STAND¬ 
ING AND LYING, ON THE RATE OF METABOLISM 1 

By E. B. Forbes, Director , Max Kriss, Associate , and Winfred W. Braman, 
Associate^ loith the collaboration of C. D. Jeffries, R. W. Swift, Rowland 
B. French, Russell C. Miller, and C. V. Smythe, Institute of Animal 
Nutrition, Pennsylvania State College 

INTRODUCTION 

In 1924 Fries and Kriss published from this Institute a paper 2 
which described a new method for the computation of the observed 
heat production to a standard day as to standing and lying, this 
method depending on the idea, which was also new, that the true 
difference in the heat production of standing and lying is a difference 
in the maintenance requirement of net energy, and, therefore, that 
this difference may be determined directly from the heat production 
of standing and lying during fast, since the heat production during 
fast is the measure of the maintenance requirement of net energy. 

The significance of this matter is that in any determination of the 
effects of the quantity or kind of feed on the heat production of an 
animal it is necessary consistently to recognize its status as to activity, 
so that the characteristic effects of the feed on the heat production 
will be accurately revealed and will not be obscured by the effects of 
differences in muscular movement. 

In this relation it is possible to compensate for differences in time 
spent in the standing and the lying positions, which constitute a major 
factor among the voluntary activities of the animal. As to other 
voluntary activities, the conditions of experimentation, especially as 
to method of confinement of the subject, serve prominently to affect 
and to limit their extent and kinds. 

Fortunately these other movements, which are not measured in the 
procedure employed, are not commonly of such extent as to introduce 
serious confusion into the determination of the heat production as 
related to the treatment of the animal. 

Since the publication of the above-mentioned paper of Fries and 
Kriss the writers have hoped that this was a solved problem; and it 
has been the custom in the determination of the net-energy values of 
feeds at this institute to compute the heat production, as observed, 
to standard days as to standing and lying, from the time spent by 
the animal in these positions, and the factor of Fries and Kriss— 
representing the difference in heat production in these two positions. 

As this method has been used, however, for computing the observed 
heat production in series of experimental days to standard days, as to 
standing and lying, the agreement of the heat production for the 
several days in series has not always been much improved, as it 
presumably would be (unless obscured by experimental errors) if the 
basis of the computation were satisfactory. 


i Received for publication Aug, 8,1927; issued December, 1927. 

a Fries, J. A., and Kriss, M. metabolism of cattle during standing and lying. Airier. Jour. 
Physiol. 71: 60-83. 1924. 
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On this account the writers have been obliged to consider this a 
continuing problem, and after having been on the lookout for some 
time for a new avenue of approach, they are now able to make a 
further contribution on the subject, revealing the problem in anew 
light, and having the effect very extensively to increase the magnitude 
of the factor representing the difference in energy cost of standing 
and lying. 

The quantitative determination of the comparative energy metabo¬ 
lism during standing and lying, either by direct or indirect calorimetry, 
presents many difficulties, and the results obtained by different 
investigators vary widely, in accord with differences in fundamental 
conceptions involved, and under the influence of different conditions 
of experimentation, especially as to size of animal and plane of 
nutrition. Thus Hagemann, 3 in two experiments with steers, 
reported increases of 28 per cent and 30 per cent in the total heat 
production of standing as compared with lying. Dahm, 4 working 
in Zuntz’s laboratory, and by Zuntz’s method, found an increase of 
only 8 per cent in the respiratory excretion of carbon^ dioxide by a 
young bull, when standing as compared with lying. Klein 5 studied 
the respiratory exchange of a steer, during standing and lying, by 
means of a tracheal cannula, and found an increase of 20.7 per cent 
in the heat production of standing as compared with lying. ^ Armsby 
and Fries 6 calculated that in 37 published experiments with steers 
the increase in the directly determined heat production during stand¬ 
ing as compared with lying varied from a minimum of 28.3 per cent 
to a maximum of 64.5 per cent, averaging 41.4 per cent; and they 
stated that a considerable number of other experiments, unpublished 
at that time, gave similar results. Armsby and Fries also reported 
results of six experiments with a steer in which the carbon dioxide and 
water vapor, as well as the heat produced, were determined separately 
for intervals of standing and lying, and showed increases in carbon 
dioxide elimination during standing as compared with lying varying 
from 20.4 to 35.1 per cent, with corresponding increases in heat 
production varying between 32.3 and 40.0 per cent. 

In all of the experiments referred to above the animals received 
feed. 

Recently Fries and Kriss 7 pointed out certain instrumental errors 
and imperfections in the method used by # Armsby and Fries to 
separate the directly measured heat production between intervals of 
standing and lying, especially in feeding periods, and by an indirect 
computation concluded that a fasting cow, weighing 400 kgm., gave 
off while standing 26.3 Calories more per hour than while lying, this 
increase being equal to 9.8 per cent of the total heat production. 

This figure was derived from observations on a single cow, but 
under conditions regarded at the time as unusually favorable. In 
the light of the present paper, however, which is based upon much 

s Hagemann, O. das respirations-calorimeter in bonn und einige untersuciiungen mit demsel- 

BEN BEI ZWEI RINDERN UND EINEM PFERDE. LandW. Jahrb. 41 (Ergtabd. 1): 63, 328. 1911. 

4 Dahm, K, die bedetttung des mechanischen teils der verdauungsarbeit fCe den stoffwechsel 
DESRINDES. Bioehem. Ztsehr. 28: 457-503. 1910. 

fi Heide, R. von der Klein, and Zunt, N. respirations und stoffwechs elver such e am rinde User 
DEN N£HRWERT DER KARTOFFELSCHLEMPE UND IHRER AUSGANGSMATERIALIEN. Land W, JaWfo, 44: [765]- 
832. 1913. 

* Armsby,H. P ; , and Fries, J. A. influence of standing or lying upon the metabolism of cattle. 
Amer. Jour. Physiol. 31: 245-253. 1913. 

1 Pries, J. A., and Kriss, M. Op. cit. 
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more extensive data, and improved technic and computations, the 
problem presented by the instrumental lag, in the study by Fries and 
Kriss, appears not to have been successfully handled; and it seems 
imperative, therefore, to reconsider the whole subject. 

CONDITIONS OF EXPERIMENTATION 

The subjects of this investigation were two Aberdeen Angus steers 
designated as Nos. 36 and 47, their live weights being 468 and 
479 kgm., respectively. 

In the spring of 1927 each of these steers was subjected to a fast, 
steer No. 36 for a period of 7 days, and steer No. 47 for a period of 6 
days. During the last four days of these fasting periods the animals 
were subjected to continuous respiration calorimetric study. 

For the purpose of this investigation, in addition to the usual heat 
measurement, samples of the air coming from the calorimeter chamber 
were taken at intervals of 15 minutes, during two of the four calo¬ 
rimeter days, for the determination of C0 2 production. In case of 
steer No. 47 such samples -were taken during the second and third of 
the calorimeter days—these being the fourth and fifth days of fast. 
With steer No. 36 such samples were taken during the last two calo¬ 
rimeter days—the sixth and seventh days of fast. Carbon dioxide 
was determined in these air samples by means of a Sonden apparatus. 

The rate of ventilation was practically constant during these 
experiments. Throughout their course record was kept of the time 
of all changes of position of the animals, as to standing and lying. 
Instead of considering the results, as usual, for experimental days of 

24 hours, however, the data involved in this study are discussed in 
12-hour subperiods. 

The animals were allowed to change position at will, except during 
one interval of three and a half hours in the first half of the last day 
(subperiod 7) in the case of steer No. 36. During this interval the 
steer was prevented from lying down by means of a chain, purposely 
connected across the calorimeter stall beneath the animal’s body, 
but sufficiently low so that the animal could not rest upon it. This 
was done to make possible the collection of air samples certainly and 
accurately representative of the standing position, since both animals 
changed position rather frequently and spent much more time lying 
than standing. This procedure satisfactorily served the intended 
purpose. The animal was rather quiet, and made no apparent effort 
to lie down while the chain was connected. 

DETERMINATION OF THE CARBON DIOXIDE PRODUCTION FOR 
STANDING AND LYING 

It was realized, from the beginning of this study, that samples of 
air drawn from the chamber soon after the animal had changed 
position would not be accurately representative of the new position, 
on account of instrumental lag. The air capacity of the chamber, 
with the animal inside, was calculated to be approximately 11,000 
liters, and the passage of air through the chamber was at the rate of 
450 liters per minute. At this rate of ventilation, therefore, about 

25 minutes were required to pump through the chamber a volume of 
air equal to the chamber capacity. The all-important question as to 
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how much more than 25 minutes was required for the air in the 
chamber to reach a composition representative of the position of the 
animal was left to be answered by the experimental data. 



Fig. 1.—Influence of standing and lying on the carbon dioxide content of the air coming from the 
respiration chamber, steer No 36. (Stars represent lying position, circles, the standing 
position) 


It was anticipated that the analysis of the air samples taken at 
frequent and regular intervals (15 minutes) would make possible the 
tracing of the instrumental lag, and the determination of the time of 



Fig. 2.—Influence of standing and lying on the carbon dioxide content of the air coming from the 
respiration chamber; steer No. 47. (Stars represent lying position) 


operation necessary for the reduction of this lag to a negligible factor. 
For the accomplishment of this purpose C0 2 was determined in the 
15-minute samples, as indicated in Table 1, and the results were 
plotted. (Figs. 1 and 2.) 
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Table 1 . —Carbon dioxide content of outcoming air as affected by the position of 
fasting steers; experiment No. 238 

STEER NO. 47 


Date 

Tune of 
sampling 

Position of 
animal, and 
time of change 
of position 

Carbon | 
dioxide i 
by voi- 1 
umo 

Date 

Time of 
sampling 

Position of 
animal, and 
time of change 
of position 

Carbon 
iioxide 
by vol¬ 
ume 


a. m. 

a. m. 

Per cent 


p. m. 

p. m. 

Per cent 

Subperiod 3_ 

6.00 

Up 5.33. 

0.264 

Subperiod 4— 

11 00 

Up, 10.36. 

0 .215 

Apr! 20 1927 

6.15 

—/..do. 

.265 

11.15 

Down, 11.11— 

.230 


6.30 

Down 6.18 —_ 

.243 


11.30 

.do. 

.215 


6.45 

.do. 

.222 


11.45 

.do. 

.196 


7.00 

.do. 

.206 






7.15 

.do. 



Midnight 





Up 7. IS. 


Apr. 21,1927— 

12.00 

.do. 

.189 


7.30 

Down 7.26_ 

.227 


fl. 7/1, 




7.45 

.do. 

.220 


12.15 

.do. 

.180 


8.00 

_do—. 

.202 


12.30 

a. m. 

.184 


8.15 

.do. 

.214 


12.45 

Up, 12.41. 

.194 


8.30 

_do___. 

.214 


1.00 

.do. 

.212 


8.45 

.do. 

.204 


1.15 

.do. 

.231 


9.00 

_do.. 

.202 


1.30 

Down, 1.28— 

.245 


9.15 

Up 9.04. 

.240 


1.45 

.do. 

,239 


9.30 

.do. 

.245 


2 00 

_do. 

.206 


9.45 

Down 9.33_ 

.236 


2.15 

_do. 

.208 


10.00 

.do. 

.210 


2.30 

.do. 

.183 


10.15 

.do.. 

.214 


2.45 

_do. 

.186 


10.30 

.do. 

.210 


3.00 

.do. 

.179 


10.45 

_do. 

.198 


3.15 

.do. 

.189 


11.00 

.do.. 

.185 


3.30 

Up, 3.18. 

.197 



Up 11.01. 



3.45 

Down, 3.38_ 

.221 


11.15 

Down 11.11—. 

.212 


4.00 

.do. 

.198 


11.30 

.do. 

.202 


4.15 

.do.. 

.190 


11.45 

.do. 

.196 


4.30 

Up, 4 27. 

.212 






4.45 

.do. 

.232 


Noon 




5.00 


.246 


12.00 

Up 11.51. 

.196 


5.15 

Down, 5.04- 

.241 






5.30 

_do. 

.219 


p. m. 

p. m. 



5.45 

.do. 

.216 


12.15 

Down 12.05... 

.214 

| 

6.00 

_do. 

.203 


12.30 

_do__ 

. 199 

1 Subperiod 5— 

6.15 

Up, 0 07. 

.222 


12.45 

.do. 

.194 

6.30 

Down, G.27- 

.237 


1.00 

.do. 

.188 

1 

6. 45 

.do. 

.218 


1.15 

.do. 

.186 

1 

7 00 

.do. 

.210 


1.30 

.do. 

. 187 

1 

7.15 

.do. 

.198 


1.45 

.do. 

.187 


7.30 

_do. 

.193 



Up 1.50. 


1 

7.45 

.do. 

.191 


2.00 

Down 1.56... 

.218 

1 

8.00 

Up, 7.47.; 

.200 


2.15 

.do. 

.209 


8.15 

Down, 8.01— 

.211 


2.30 1 

_do___ 

. 193 


8.30 

do—— - 

.208 


2.45 

.do. 

.184 

l 

8. 45 

.do. 

.200 


3.00 

.do. 

. 182 


9.00 

.do.! 

.190 


3.15 

Up 3.02. 

.186 


9.15 

.do. 

.190 


3.30 

.do.. 

.202 



Up, 9.19. 



3.45 

.do. 

.234 


9. 30 

Down, 9-30—' 

.216 


4.00 

.do. 

.220 


9.45 

.do. 

.204 


4.15 

Down 4.04... 

.213 

i 

10.00 

.do. 

.196 


4.30 

.do.... 

.213 


10.15 

.do. 

. 189 


4.45 

_ do .. 

.196 


10.30 

_do. 

.183 


5.00 

Up, 4.48. 

.194 


10.45 

.do. 

.183 


5.15 

Down, 5.09_ 

.204 


11.00 

Up, 10.54. 

.192 


5.30 

.do. 

.218 


11.15 

.do. 

.225 


5.45 

. do . 



11.30 

Down, 11.23— 

.241) 


6.00 

.do. 

.182 


11.45 

_do. 

.220 

Subperiod 4—.. 

6.15 

Up, 6.07. 

.207 





6.30 

_do.. 

.215 


Noon 




6.45 

_do_ 

.234 


12 00 

Up, 11.52. 

.221 


7.00 

Down, 0.47_ 

. 222 






7.15 

.do.. 

.217 


p. m. 

p. m. 



7.30 

Up, 7.29. 

.215 


12.15 

Down, 12.04— 

.233 


7.45 

.do. 

.228 


12. 30 

_do. 

.233 


8.00 

.do. 

.222 


12.45 

.do. 

,207 


8.15 

.do. 

.238 


1.00 

.do. 

,201 


8.30 

Down, 8.21_ 

.235 


1.15 

.do. 

.200 


8.45 

.do.. 

! .215 


1.30 

Up, 1.19. 

,200 


9.00 

.do. 

.208 


1.45 

Down, 1.33— 

,212 


9.15 

.do. 

, .186 


2.00 

_do. 

.207 



Up, 9.19. 

1 


2.15 

.do. 

.193 


9. 30 

Down, 9.26_ 

1 .213 


2.30 

.do. 

.191 


9.45 


! . 227 


2.45 

_do..,_ 

.189 


10. 00 

.do. 

.211 


3.00 

.do. 

.189 


10.15 

. do . 

.205 


3.15 

Up, 3.02. 

.238 


10.30 

.do. 

! .195 


3.30 

Down, 3.26_ 

. 252 


| 10.45 

Up, 10.36_ 

I .198 


1 3,45 

_do. 

.234 

























952 


Journal oj Agricultural Research 


Vol. 35, No. 10 


Table 1 . —Carbon dioxide content of outcoming air as affected by the position of 
fasting steers; experiment No . 238 —Continued 


STEER NO. 47—Continued 


Carbon 



Position of 

Carbon 

dioxide 


Time of 

animal, and 

dioxide 

by vol- 

Dato 

sampling 

time of change 

by vol- 

ume 



of position 

ume 

Per cent 


p. TO. 

p. TO. 

Per cent 

0.216 

Subperiod 6—— 

11.30 

Bown 10.16— 

0.184 

.201 


11,45 

.do. 

.184 

.204 





.204 


Midnight 



.221 

Apr. 22 1927— 

12.00 

.do. 

.181 

.226 


a. to. 

a. to. 


.232 


12.15 

Up, 12.01. 

,202 

.204 


12.30 

_do_ 

.236 

.199 


12.45 

Bown, 12.35— 

.224 

. 212 


1.00 

.do. 

.201 

. 232 


1.15 

_do .. 

.196 

.232 


1.30 

Up, 1.26 . 

.199 

.238 


1.45 

Down, 1.38 — 

.208 

.229 


2.00 

. do . 

.205 

.206 


2.15 

. do . 

.186 

.194 


2.30 

_ do . 

.186 

.202 


2.45 

. do . 

.187 

.219 


3.00 

Up, 2.54 . 

.220 

.225 


3.15 

. do. . 

.232 

.254 


3.30 

Down, 3.24 - 

.237 

225 


3.45 

_do .. 

.231 

.202 


4.00 

_ do . 


.192 


4.15 

. do . 

.202 

.191 


4.30 

. do . 

.188 

.186 


4.45 

.do. 

.187 

.204 


5.00 

.do. 

.188 

.204 


5.15 

Up, 5.15. 

.189 

196 


5.30 

.do„_. 

.207 

.196 


5.45 

. do . 

.219 

.190 


6.00 

. do . 

.221 

STEER NO. 36 






v. tn. 

p. TO. 


- 0.240 

May 5, 1927, 

2.15 

Down 12.26 _ 

0.192 


subperiod 5. 

2.30 

. do . 

.209 

.252 


2.45 

Up, 2.41 . 

1 .219 

.260 


3.00 

Bown, 2,58— 

.233 

.238 


3.15 

. do . 

.220 

.217 


3.30 

. do. 

.204 

.224 


3,45 

. do . 

. 198 

. 206 


4.00 

. do . 

. 196 

.205 


4.15 

. do. 

i . 194 

. 196 


4.30 

. do . 

. J93 

. 204 


4.45 

Up, 4.35 . 

1 . 204 

! 244 


5.00 

Bown, 4.46_ 

.210 



5.15 

.do. 

.198 

. 226 


5 30 i 

.do. 

. 194 

.205 


5.45 

.do. 

! , 195 

. 199 


6.00 

— — do. . 

. 188 

. 208 

Subperiod G— — 

6.15 

Up, 6 03 . 

. 224 

.242 

6.30 


.237 

.224 


6.45 

. do . 

.235 

.210 


7.00 

Down, 6.52 _ 

.227 

. 197 


7.15 

. do . 

.219 

.195 


7.30 

. do . 

.207 

. 192 


7.45 

. do . 

. 196 

.187 

! 8.00 

. do . 

.182 

.192 

1 8.15 

.do. 

. ISO 


; 8.30 

—.do. 

. 189 


1 8.45 

.do. 

. 191 

.194 

1 

Up, 8.49. 



9.00 

Down, 9.00_ 

.231 

.192 

! 9.15 

.do. 

. 235 


1 9.30 

.do. 

.210 


! 9.45 

.do. 

.200 


! 10.00 

.do. — ._ 

. 194 

.219 

| 10.15 

.do. 

.193 

.204 

1 10.30 

.do. 

. 193 

.196 

! 10.45 

Up, 10.37. 

.220 

.190 

i 11.00 

.do. 

. 236 

.194 

1 11.15 

Down, 11,06... 

.232 

.192 

| 11.30 

.do. 

,218 

. 192 

11.45 

.do.— „ 

.206 


Bate 


Subperiod 5 _ 


Subperiod 6— 


Time of 
sampling 


Position of 
animal, and 
time of change 
of position 


p. to. 

4.00 

4.15 

4.30 

4.45 
5.00 

5.15 

5.30 

5.45 

6.00 

6.15 

6.30 

6.45 
7.00 

7.15 

7.30 

7.45 

8.00 

8.15 

8.30 

8.45 
9.00 

9.15 

9.30 

9.45 

10.00 

10.15 
10.30 
10.45 
11.00 

11.15 


p. TO. 

Down 3.26-. 

.do. 

.do. 

Up, 4.45. 

.do. 

.—do. 

Bown, 5.19— 

.do. 

.do. 

Up, 6.07_ 

.do. 

.do. 

Bown, 6.56- 

.do. 

.do. 

i.do. 

I Up, 7.56—. 

'_do_ 

'.do. 

Down, 8.33. 

.do. 

.do. 

I.do. 

1 .do_ 

'.do. 

I Up, 10.01 — 

! Down, 10.16 

!.do_ 

!.do. 

.do. 


May 5, 1927, 
subperiod 5 


a. to. 
6.00 


i a. to. 

I Up, 5.17- 


6.15 I 


I.do— 

6.30 !.do— 

6.45 ;.do— 

7.00 Down, 6 50—-I 

7.15 .do- 

7.30 !.do— 

7.45 .do.. 

8.00 ,.do- 

8.15 | Up, 8.06. 

8.30 i.do- 

8.45 | Down, 8.43_j 

9.00 i.do... 

9.15 !.do-. 

9.30 .do... 

9.45 Up, 9.39.. 

10.00 ! Bown, 9. 

10.15 >.do— 

_do— 

,.do-. 

.do— 

I.do— 

I.do— 

.do— 


1.50— 


10.30 

10.45 
11.00 
11.15 

11.30 

11.45 


NOOU 
12.00 
P. TO, 
12.15 


12.30 
12.45 
1.00 
1.15 
1.30 
1.45 
2.00 


--do. 

I.do. 

p. TO. 

Up, 12.18. 

Bown, 12.26- 

-do. 

.do. 

_do_ 

;.do. 

.do. 

.do. 
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Table 1 . —Carbon dioxide content of outcoming air as affected by the 'position of 
fasting steers; experiment No . 288 —Continued 
STEER NO. 36—Continued 


Date 

Time of 
sampling 

Position of 
animal, and 
time of change 
of position 

Carbon 
dioxide 
by vol¬ 
ume 


Midnight 

p. m. 

Per cent 

May 6,1927-— 

12.00 

Down, 11.06_ 

0.204 


12.15 

.do. 

.211 


a. m. 

a m. 



12.30 

Up, 12.23. 

.212 


12.45 

.do. 

.229 


1 00 

Down, 12 47.. 

.240 


1.15 

.do__ 

.221 


1.30 

.do. 

.212 


1.45 

.do. 

.203 


2.00 

.do. 

.200 


2.15 

.do. 

.194 


2.30 

.do_ 

.201 


2.45 

Up, 2.40. 

.198 


3.00 

Down, 2.54-.. 

.228 


3.15 

.do. 

.206 


3.30 

.do. 

.199 


3.45 

.do. 

.200 


4.00 

.do. 

.194 


1 4.15 

; up, 4 04 . 

.204 


4.30 

.do. 

.220 


4.45 

Down, 4.37--. 

.230 


5.00 

.do. 

.214 


5.15 

.do. 

.196 


5.30 

.do.-.._ 

.192 


5.45 

. do. 

.193 


6.00 

- do - 

.193 

Subperiod 7-.- 

6.15 

Up, 6.02. 

.219 


6.30 

_do . 

.236 


6 .45 

. do . 

.225 


7.00 

Down, 6.48— 

.229 


7.15 

. do . 

.212 


7.30 

.do. 

.197 


7.45 

.do. 

.185 


8.00 

Up, 7.58. 

.194 


8.15 

.do. 

.260 


8.30 

.do. 

.266 


8.45 

. do . 

.252 


9.00 

. do . i 

.227 


9.15 

. do . 

.231 


9.30 

do 

.222 


9.45 

III-.do-.I-I."! 

.227 


10.00 

. do . 

.218 


30.15 

. do . 

.249 


10.30 

-_ do . 

.228 


10.45 

. do .. 

.232 


11.00 

. do . 

.232 


11.15 

. do . 

.232 


11.30 

. do . 

.231 


11. 45 

. do . 

.220 


Noon 




12.00 

.do. 

.266 


p. m. 




12.15 

.do. . 

.249 


12.30 

.do. 

.228 



p. m. 



12.45 

Down, 12.30-- 

.252 


1.00 

.do. 

.202 


1.15 

.do - 



1 . 30 

.do . 

.186 


1 . 45 

. do . 

.190 


2.00 

. do . 



2.15 

. do . 



2.30 

. do . 

.186 


2.45 

. do . 

194 


3.00 

. do . 

.194 


Date 


Subperiod 7—J 


Subperiod 8_ 


May 7, 1927—. 


Time of 
sampling 

Position of 
animal, and 
time of change 
of position 

Carbon 
dioxide 
by vol¬ 
ume 

p.m . 

p. to. 

Per cent 

3.15 

Down, 12.36.. 

0.192 

3.30 

Up, 3.16. 

Down, 3.24-». 

.218 

3.45 

.do. 

.216 

4.00 

.do. 

.200 

4.15 

_do_ 

.197 

4.30 

.do. 

.191 

4.45 

_do_ 

.187 

5.00 

.do. 

.195 

5.15 

Up, 5.07. 

.228 

5.30 

.do. 

.236 

5.48 

.do. 

.254 

6.15 

.do. 

.269 

6.30 

Down, 6.27 

.266 

6.45 

.do. 

.241 

7.00 

.do. 

.214 

7.15 

_ do_ 

.206 

7.30 

.do. 

.201 

7.45 

.do. 

.195 

8.00 

.do. 

.193 

8.15 

.do. 

.193 

8.30 

.do. 

.192 

8.45 

Up, 8.32. 

Down, 8.40 --- 

.224 

9.00 

.do. 

.214 

9.15 

.do. 

,204 

9,30 


.198 

9.45 

-do. 

.194 

10.00 

.do. 

.195 

10.15 

-do. 

.190 

10.30 

Up, 10.19. 

.199 

10.45 

Down, 10.43... 

,231 

11.00 

.do.! 

.221 

11.15 

.do. 

.203 

11.30 

- -do—— 

.201 

11.45 

.do. 

.197 

Midnight 



12.00 

.do. 

.194 

a. m. 



12.15 

_do. 

.195 

12.30 

a. to. 

Up, 12.17. 

Down, 12.28 - - 

.212 

12.45 

.do. 

.226 

1.00 

.do. 

.208 

1.15 

.do. 

.195 

1.30 

.do. 

.190 

1,45 

.do. 

.191 

2.00 

.do. 

.199 

2.15 


.198 

2.30 

Up, 2.17. 

Down, 2.26_ 

.236 

2.45 

.do. 

.221 

3.00 

.do. 

.204 

3.15 

.do. 

.197 

3.30 

.do,. 

.m 

3.45 

.do. 

.192 

4.00 

.do. 

.192 

4.15 

Up, 4.08. 

.213 

4.30 

.do. 

.237 

4.45 

.do. 

.230 

5.00 


.234 

5.15 

.do. 

.236 

5.30 

.do. 

.238 

5.45 

.do. 


6.00 

.do. 

.226 


The several graphs indicate clearly the course of metabolism during 
standing and lying as affected by the instrumental lag. They show 
that after a change of position about an hour was required for the 
CO 2 of the outcoming air to reach essentially a constant. Such 
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parts of the graphs as appear to be practically beyond the influence 
of the instrumental lag have been designated by special marks, 
those representing the lying position being starred, while those 
representing the standing position are marked by circles. The 
corresponding percentages of C0 2 for standing and lying have been 
averaged, and are presented in Tables 2 and 3. 

Since in six of the eight 12-hour subperiods the animal did not stand 
for sufficiently long intervals to permit the direct determination of 
the C0 2 production for standing, this was obtained indirectly through 
a computation by difference. This computation, in general terms, 
consisted in subtracting the C0 2 production as determined for the 
entire time spent in the lying position from the total C0 2 produced 
during the 12-hour subperiod, and relating the remainder to the 
time spent by the animal in the standing position during the same 
subperiod. This computation, the results of which are presented in 
Table 4, was performed as indicated below: 

(a) The total C0 2 in the outcoming air was obtained by multiply¬ 
ing the average percentage of C0 2 of all samples analyzed, by means 
of the Sonden apparatus, by the quantity of the total ventilation. 

(&) To the total C0 2 obtained in ( a) a residual correction, derived 
from a special 15-minute continuous aspirator sample of the out- 
coming air, was applied, to correct for the difference in composition 
of the air in the respiration chamber at the end as compared with the 
beginning of a 12-hour subperiod. 

(c) From the total corrected C0 2 in the outcoming air was sub¬ 
tracted the total C0 2 of the ingoing air, as determined gravimetrically 
in a continuous sample. The remainder is the total C0 2 produced 
by the animal. 

"(d) The total outcoming air during lying was computed from the 
total ventilation, in proportion to the time spent in the lying position. 

(e) The liters of C0 2 in the outcoming air during lying were obtained 
by multiplying the average per cent of C0 2 for lying, as in Table 2, 
by the volume of outcoming air during lying, as obtained in (d). 

(J) The liters of C0 2 in the outcoming air during standing wore com¬ 
puted by subtracting the liters of C0 2 in the outcoming air during 
lying, as obtained in(«), from the total C0 2 in the outcoming air, 
as obtained in (&). 

(g) The quantities of C0 2 in the ingoing air during lying and stand¬ 
ing, respectively, were computed from the total C() 2 of the ingoing 
ail* in proportion to the time spent in the lying and the standing 
positions. 

C h ) The C0 2 produced during lying and standing, respectively, 
was obtained by subtracting from the C0 2 in the outcoming air lor 
lying and standing (e and f) the corresponding quantities of C?0 2 in 
the ingoing air. 

CO The C0 2 produced per hour, during lying and standing, respec¬ 
tively, was calculated from the corresponding totals, as obtained in 
(h), and the durations of time of lying and standing represented. 

The data obtained in (/), (7*,), and CO? for standing, however, 
include the effect of the effort of rising and of lying down. The 
C0 2 produced during standing, excluding this effect of the effort 
of rising and lying down, was obtained by the following calculations: 

(j) The ratio of heat to C0 2 was computed by dividing the number 
of Calories of observed heat production by the liters of CO. produced, 
as obtained in (e). 
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Qc) The energy required for rising and lying down was computed 
by the use of Klein’s 8 factor of 9.7 Calories per act of rising and 
lying down, together, by a steer 'weighing 550 kgm.; this factor, 
modified directly according to the weight of the animal, being multi¬ 
plied by the number of times the animal arose and lay down again. 

# (Z) The C0 2 required for rising and lying down was obtained by 
dividing the Calories required for rising and lying down by the heat- 
C0 2 ratio. 

(m) The C0 2 produced during standing, excluding the effect of the 
act of rising and lying down, was computed by subtracting the C0 2 
required for rising and lying down from the C0 2 produced during 
standing, as obtained in (k). The same was also computed, per hour, 
as in (i). 

(n) The C0 2 produced during standing by steer No. 36 in sub¬ 
periods 7 and 8 w^as also computed directly by first multiplying the 
average percentage of C0 2 in the outcoming air during standing,. as 
presented in Table 3, by the volume of the outcoming air during 
standing, and then subtracting from the product the corresponding 
quantity of C0 2 of the ingoing air. 

DISCUSSION OF RESULTS 

In general the results obtained with steer No. 36 may be regarded 
as more satisfactory than those with steer No. 47, principally because 
the former changed position less frequently than the latter. The 
number of intervals of time spent by steer No. 36 in the lying position 
during a 12-hour subperiod varied from 3 to 6, while in the case of 
steer No. 47 the number varied from 7 to 8. The intervals spent in 
one position, therefore, were longer, in most cases, with steer No. 36 
than with steer No. 47. This fact afforded a relatively better basis 
for the determination of the C0 2 production during lying with steer 
No. 36, as can be seen both in Figures 1 and 2 and in Table 2. It 
also provided, with this animal, a basis for the direct determination 
of the C0 2 production during standing, in subperiods 7 and 8 (Table 3), 
whereas such a determination was not possible with steer No. 47 in 
any of the subperiods. 

The data presented in Table 2 represent the percentages of C0 2 
in the outcoming air during lying, with the factor of instrumental 
lag presumably excluded. If there were also a physiological lag in 
the adjustment of metabolism to changes of position, this would be 
indistinguishable, by the method of experimentation employed, from 
the instrumental lag; and, for the present purpose, a procedure 
adequate to the elimination of the experimental lag, as observed, may 
be considered to cover the instrumental lag and a conceivable physio¬ 
logical lag, as well. In this relation, however, the data of Table 2 
have a special significance, since they represent the metabolism of 
the animal adjusted to the lying position. 

The average percentages C0 2 in the outcoming air during lying are, 
with steer No. 36—0.193, 0.192, 0.191, and 0.194, in subperiods 5, 6, 
7, and 8, respectively. With steer No. 47 the corresponding values 
are 0.186, 0.185, 0.189, and 0.187, for subperiods 3, 4, 5, and 6, 
respectively. There is, therefore, good agreement between the sub¬ 
periods with both animals. This agreement is significant, because 
the rate of ventilation was practically constant throughout the 
experiment. 

s Heide, B. von der Klein, and Ztjntz, N. Op. cit. 



956 


Journal oj Agricultural Eesearch 


Vol. 35, No. 10 


Table 2 , —Percentages of carbon dioxide in outcoming air representing metabolism 
during lying; experiment No , B$8 


Period 11, steer No. 47, fasting 

| Period 12, steer No. 36, fasting 

i 

Subperiod 

Time of 
sampling 

Percent¬ 
age CO a 

Subperiod 

Time of 
sampling 

Percent¬ 
age CO 2 


a. m. 



a. m. 



11.00 

0.185 

i No. 5. 

8.00 

0.196 





10.45 

.197 


p. m. 



11.00 

.195 

No. 3. 

1.00 

.188 


11.15 

.192 


1.15 

.186 


11.30 

.187 


1.30 

.187 


11.45 

.192 


1.45 

.187 





2.30 

.193 


Noon 



2.45 

.184 


12.00 

.194 


3.00 

. 1S2 





6.00 

.182 


p. m. 






12.15 

.192 





1.00 

.196 





1.15 

.190 





1.30 

.194 





1.45 

.192 





2.00 

.192 





2.15 

.192 





4.00 

.196 





4.15 

.194 



| 


4.30 

.193 





5.30 

.194 





5.45 

. 195 





6.00 

.188 

Average.. 


. 186 

Average.. 


. 193 


p. m. 



p. m. 


No. 4. 

9.15 

. 186 

No. 0. 

6.00 

.188 





7.45 

.196 


Midnight 



8.00 

.182 


12.00 

.189 


S. 15 

.186 





8.30 

.189 


a. to. 



8.45 

.191 


12.15 

.ISO 


10.00 

.194 


12.30 

.184 


10.15 

.193 


2.30 

.183 


10.30 

.193 


2.45 

! .186 





3.00 

| .179 i 


a. 777. 



3.15 

1 .189 


2.15 

.194 


4.15 

; .too 


2.30 

.201 



i < 


4.00 

.194 



i 


5.15 

.196 



i 


5.30 

. 192 





5.45 

. 193 


i 



6.00 

.193 

Average. 

.j 

.185 

Average... 


.192 










a. m. 



a. m. | 


No. 7. 

6.00 

. 193 

No. o. 

7.30 

.193 


7. 30 

.197 


7.45 

.191 


7.45 

,185 


9.00 i 

.190 





9.15 1 

.190 


P. 777. 



10. is; 

, 189 


1.30 

.186 


10.30 ! 

.183 


1.45 

.190 


10.45 j 

. 183 


2.30 

.186 





2.45 

,394 


p. m. . 



3.00 

.194 


2.15 | 

.193 i 


3.15 

.192 


2,30 | 

.191 I 


4.15 

.197 


2.45 ! 

.189 


4.30 

.191 


3.00 

.189 | 


4.45 

.187 


j 

1 


5.00 

. 195 

Average. 

i* 

.189 

Average. 


.191 


i : 

i 


p . m. 





No. 8. 

7.45 

.195 


p. m. 



8.00 

.193 

No. 6. 

9.30 1 

.192 


8.15 

.193 


9.45 

.191 ! 


8.30 

. 192 


10.00 

.186 1 


9,45 

.194 


11.15 ! 

.190 ! 


10.00 

. 195 


11 .30 1 

.184 i 


10.15 

.190 


11.45 1 

.184 1 

i 

11.45 

.197 
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Table 2 . —Percentages of carbon dioxide in outcoming air representing metabolism 
during lying; experiment No. 238 —Continued 


Period 11, steer No. 47, fasting 

! Period 12, steer No. 36, fasting 

Subperiod 

Time of 
sampling 

Percent¬ 
age GO 2 

Subperiod 

Time of 
sampling 

Percent¬ 
age CO 2 


Midnight 



Midnight 

0.194 


12.00 

0.181 


12.00 


a. m. 



a. 77i, 


No. ft_ _ 

2.15 

. 186 

Nn. S _ _ _ 

12.15 

.195 


2.30 

.186 


1.15 

.195 


2.45 

.187 


1.30 

;190 


4.30 

.188 


1.45 

.191 


4.45 

.187 


2.00 | 

.199 


5.00 

.188 


2.15 j 

.198 


5.15 

.189 


3.15 J 

.197 





3.30 

.193 





3.45 

.192 





4.00 

.192 

AvArfigft 


.187 

Average_ 


.194 






Table 3. —Percentages of carbon dioxide in outcoming air representing metabolism 
during standing; experiment No. 288 
PERIOD 12, STEER NO. 36, FASTING 


Subperiod 

Time of 
sampling 

Percent¬ 
age CO 2 

Subperiod 

Time of 
sampling 

Percent¬ 
age CO 2 

No. 7. 

a. m. 

9. 00 
9.15 
9.30 
9.45 
10.00 

10.15 

10.30 

10.45 
11.00 

11.15 

11.30 

11.45 

0.227 

.231 

.222 

.227 

.218 

.249 

.228 

.232 

.232 

.232 

.231 

.226 

] No. 8. 

a. 771. 

4.30 
4.45 
5.00 
5.15 

5.30 
6.00 

0.237 
.230 
.234 
.236 
.238 
.226 

Average..____ 

1 

1 Average_ 

.230 

.234 






Table 3 gives the percentages of C0 2 in the outcoming air repre¬ 
senting the metabolism of the animal while standing, and also 
exclusive of the influence of the experimental lag. In subperiod 7 
the data represent enforced standing, while those of subperiod 8 
represent voluntary standing. These data do not exhibit any signifi¬ 
cant difference between the enforced and the voluntary standing, 
the average percentage of C0 2 in subperiod 7 being 0.230, and in 
subperiod 8, —0.234. 

The values for C0 2 production per hour, during lying, which appear 
in Table 4, and which were derived from the data of Table 2, exhibit 
a very good agreement between the subperiods as well as between 
the two animals. These values for steer No. 47 in the four subperiods 
here considered are 42.0, 41.5, 42.5, and 42.1 liters, respectively, 
averaging 42.0 liters, while for steer No. 36 the corresponding values 
are 43.3, 43.0, 43.1, and 43.8 liters, averaging 43.3 liters. Steer No. 
36 appears to have produced slightly more C0 2 per hour while lying 
than did steer No. 47. It should be borne in mind that the above 
values represent the metabolism of the animal during lying, exclusive 
of the influence of the experimental lag. 
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Table 4. —Carbon dioxide 'production during standing and lying; experiment No. 238 
PERIOD 11, STEER NO. 47, FASTING 


Item 


Subperiod 


3 4 5 I 0 


Total ventilation.liters. 

COa in outeoming air..per cent—] 

CO 2 m outeoming an.liters--! 

Residual correction.—do— 

Total CO 2 in outeoming air, corrected.—.do... 

Total CO 2 in ingoing air.do—_ 

Total CO 2 produced.do... 

Time spent lying.minutes—j 

Time spent standing.do—. 

Outeoming air during lying.liters. 

CO 2 m outeoming air during lying.per cent. 

CO 2 in outeoming air during lying. liters. 

CO 2 in outeoming air duxing standing.do_ 

COa m ingoing air during lying.do_ 

CO 2 in ingoing air during standing.do_ 

CO 2 produced during lying...do_ 

CO 2 produced during standing.do— 

CO 2 produced during lying, per hour.do_| 

CO 2 produced during standing, per hour.do_ j 

Total heat production.Calories.-! 

Heat: CO s .; 

Energy required for rising and lying down_Calories °.J 

CO 2 required for rising and lying down.liters..I 

CO 2 produced during standing, excluding act of rising andi 

lying down... liters—I 

CO 2 produced during standing, excluding act of rising and , 
lying down, per hour.liters.-j 


324,113.5 ' 
0.209 
677 4 
-6.5 
670 9 

98.7 
572.2 

552 

1 

248,486.7 
0.186 
462 2 
208.7 

75.7 
23 0 

386. 5 
185 7 
42.0 
66 3 
3,703 4 
6 47 

63.8 
9 9 

173 8 

62 8 


324,399.2 

322,125.7 

322,343.1 

0.211 

0.209 

0.207 

684.5 

673.2 

667. 3 

+1.0 

-0.4 

+3.2 

686.1 

672.8 

670.5 

102.7 

99.0 

97.1 

583.4 

573.8 

573.4 

482 

562 

512 

238 

158 

208 

217,167 2 

251,437 0 

229,221 8 

0 185 

0.1S9 

0 187 

401.8 

473 2 

428.6 

284 3 

197.6 

241. 9 

68.8 

77 3 

69. 0 

33 9 

21 7 

28.1 

333 0 

397. 9 

359 6 

250 4 

175 9 

213.8 

41. 5 

42.5 

42. 1 

63 1 

66.8 

61.7 

3,843.4 

3,628.3 

3,732.9 

6. 39 

6 32 

6.51 

59. 5 

68 0 

59. 5 

9.0 

10 8 

9.1 

241 4 

165 1 

204 7 

60 9 

62 7 

39. 0 


PERIOD 12, STEER NO.36, FASTING 


Subpcnod 


Item 

l 3 

6 

7 

8 

Total ventilation... 

_liters— 

! 324,129 4 

324,392 4 

323,776. 3 

324,486.2 

CO 2 in outeoming air. 

..per cent.. 

! 0.20S 

0 209 

0.220 

0 212 

CO 2 in outeoming air. 

_liters.. 

674 2 

678. 0 

t> 710.4 

687. 9 

Residual correction.. 

..do_ 

-5.1 

+0 2 

+6. 6 

-3.4 

Total CO 2 m outeoming air, corrected- 

..do_ 

669.1 

678. 2 

717.0 

684. 5 

Total C0 2 in ingoing air.... 

..do-.- 

1 106.0 

106. 7 

101 2 

103. 6 

Total CO 2 produced.... 

..do_ 

563.1 

571. 5 

615.8 ; 

580. 9 

Time spent lying.. 

—minutes-. 

586 

560 

335 

529 

Time spent standing... 

..do_ 

1 134 

160 

385 

191 

Outeoming air during lying. 

.liters— 

263,805.3 

252,305 2 

150,615.9 

238,407.2 

CO 2 in outeoming air during lying. 

..per cent.. 

0.193 

0.102 

0.191 

0.194 

GOa in outeoming air during lying. 


509.1 

484.4 

287. 7 

462.5 

CO 2 in outeoming air during standing. 

.do_ 

j 160.0 

193.8 

429. 3 

222. 0 

COa in ingoing air during lying.. 

.do_ 

i 86 3 

S3. (1 

47.1 

76.1 

CO 2 in ingoing air during standing... 

.do. — 

t 19.7 

23.7 

51.1 

27. 5 

CO 2 produced during lying... 

.do— 

' 422.8 

101. 1 1 

240 6 

386.4 

CO 2 produced during standing. 

_do_ 

| 110.3 

170. 1 ; 

375 2 

191.5 

CO 2 produced during lying, per hour. 

.do_ 

43. 3 

43. 0 

43, 1 

13.8 

CO 2 produced during standing, per hour. 

.do_ 

62.8 

63 8 

58. 5 

61.1 

Total heat production. 

. Calories.. 

3,730 4 

3,779. 9 

4,081.8 

3,672.0 

Heat: COs.. 


6.62 

(i. 61 

6.63 | 

6.32 

Energy required for rising ami lying down.. 

. Calories— 

49.8 

19. 8 

29.1 

It. 5 

CO 2 required for rising and lying down.. 

.liters.. 

7.5 

7.5 

1.4 

6.6 

COa produced during standing, excluding act of rising and j 





lying down.. 

.liters.. 

132.8 

162 6 

370. 8 

187.9 

CO 2 produced per hour during standing, excluding act of 





rising and lying down.. 

_liters— 

59.5 

61. 0 

57.8 

59.0 

COs produced per hour during standing, excluding act of 





rising and lying down, directly determined. 

.liters-] 



53. 6 

51.6 


« 8.3 Calories per act of rising and lying down. «* Coireeted for man in chamber by 1.9 Tv. C 0 2 . 


^ Two sets of figures for each animal are the results of the computa¬ 
tion, by difference, of the C0 2 production during standing. The 
first set of figures result directly from subtracting the C0 2 production 
during lying from the total C0 2 produced, and comprise therefore in 
addition to the C0 2 of standing, the C0 2 produced as a result of the 
effort of rising and of lying down. Expressed as volumes per hour 
these are 66.3, 63.1, 66.8, and 61.7 liters, respectively, in the four 
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subperiods with steer No. 47; and 62.8, 63.8, 58.5, and 61.1 liters in 
the four subperiods with steer No. 36. 

When corrected for the estimated C0 2 required for rising and lying- 
down the above figures become 62.8, 60.9, 62.7, and 59.0 liters, 
averaging 61.4 liters, for steer No. 47; and 59.5, 61.0, 57.8, and 59.0 
liters, averaging 59.3 liters, for steer No. 36. These corrected values 
represent the^ metabolism of the animal during standing, excluding 
the act of rising and lying down, but including the possible physio¬ 
logical effect of adjustment of the metabolism to the changes in 
position and the various activities of the animal while standing dur¬ 
ing the experiment. Aside from the uncertainty of the validity of 
the factor upon which the corrections for rising and lying down were 
based, the values for C0 2 production during standing, computed by 
the difference method, have, therefore, a different significance from 
such values as determined directly. 

The direct determination of the C0 2 production during standing 
was possible only in two subperiods with steer No. 36, namely, 
subperiods 7 and 8. The values obtained are based on two intervals 
of standing, the one covering 4 hours and 38 minutes (from 7.58 a. m. 
to 12.36 p. m.), in subperiod 7, during which the animal was forced to 
stand; and the other covering only 1 hour and 52 minutes (from 4.08 
a. m. to 6.00 a. m.), in subperiod 8, representing voluntary standing. 
In subperiod 7 the animal produced 53.6 liters of C0 2 per hour while 
standing, and in subperiod 8, —54.6 liters per hour. The difference 
between these values is small, especially in consideration of the 
differences in the unrecorded activities of the animal while standing, 
and therefore indicates that there was no material difference in the 
metabolism of the forced and the voluntary standing. 

The average of the two directly determined values for C0 2 pro¬ 
duction during standing is 54.1 liters per hour, and can be compared 
with the average C0 3 production by the same animal while lying, 
which is 43.3 liters; both being determined in such manner as to 
exclude the influence of instrumental and possible physiological lag. 
The difference is 10.8 liters per hour. In other words, the steer, 
weighing 468 kgm., produced 10.8 liters of C0 2 per hour more during 
standing than during lying. Expressed in relation to 100 kgm. live 
weight, the increase in C0 2 production due to the effort of standing 
is 2.31 liters per hour. 

The computation of this factor from the basis of the live weight of 
the animal on which it was determined, to another live-weight basis, 
may be made in accord with the two-thirds power of the live weight, 
in consideration of the fact that the basal metabolism varies with the 
surface area (and disregarding the difference between the basal 
metabolism, which is measured by the fasting and resting heat pro¬ 
duction, and the maintenance requirement of net energy, which is 
measured as the 24-hour fasting metabolism with normal activity), 
or it may be computed directly in accord with the live weight, as 
above. The difference is not extensive. 

The increase in heat production of standing as compared with 
lying may be computed by multiplying the corresponding increase 
in C0 2 by the average heat-C0 2 ratio obtained with the same animal, 
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on the assumption that this ratio, during fast, is the same for stand¬ 
ing and lying. 

The heat-C0 2 ratios obtained with steer No. 36 

in the four subperiods are 6.62, 6.61, 6.63, and 6.32: The writers are 
unable to explain the divergence of the value for subperiod 8 from 
the three other values. The average of the first three is 6.62. If 
the fourth value is included the average is 6.55. 

For the purpose of computing the difference in heat production 
between standing and lying it makes very little difference (less than 
1 Calorie per head per hour) which of the above average heat-C0 2 
ratios is used. On the basis of the average ratio (6.55) for all four 
subperiods with steer No. 36 the increase in heat production for 
standing as compared with lying was 70.7 Calories (10.8X6.55) per 
head, or 15.1 Calories per 100 kgm. live weight. 

This value is about two and one-fourth times as great as that obtained 
with cow No. 874 (26.3 Calories per head, the cow weighing 400 kgna.). 9 
The discrepancy between the present and the earlier determination 
is apparently due chiefly to the fact that in the previous study in the 
computation of the difference in heat production of standing and 
lying the total heat production was apportioned between the aggre¬ 
gates of intervals of standing and of lying in proportion to the C0 2 
observed for these intervals. This assumes, in effect, that there was 
no instrumental lag affecting the C0 2 of the intervals of standing and 
lying involved in the computation, and that theC0 2 as observed 
correctly represented the heat production of these intervals. In the 
light of the present understanding it is now clear that in the earlier 
study an extensive instrumental lag, a “carry-over” from the previous 
interval, whatever the position of the animal, affected the validity of 
the observed C0 2 , as related to the intervals of standing and lying— 
the effect being, therefore, very materially to reduce the apparent 
difference in the C0 2 and the heat of standing and lying. 

This study will be continued as a feature of the general program of 
calorimetric investigation of this institute. 

SUMMARY 

The determination of the energy expenditure of cattle in the 
standing compared with the lying position, as a basis for the compu¬ 
tation of the heat production to a standard day as to standing and 
lying, has been reconsidered in the light of now evidence of the extent 
of the experimental lag, affecting the measurements of C0 2 and heat 
in the use of the respiration calorimeter. 

A steer weighing 468 kgm. produced 10.8 liters more C0 2 per hour 
(2 ; 31 liters per 100 kgm. live weight) during standing than during 
lying. On the basis of a determined heat-C0 2 ratio of 6.55, the in¬ 
crease of heat production for standing as compared with lying was 
70.7 Calories per head, or 15.1 Calories per 100 kgm. live weight, per 
hour. 


* Fries, J. A., and Kriss, M. Op. cit. 
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TYLENCHUS PRATENSIS AND VARIOUS OTHER NEMAS 
ATTACKING PLANTS 1 

By G. Steiner 

Office of Nemaiology, Bureau of Plant Industry , United States Department of 

Agriculture 

SYNONYMS AND ECONOMIC SIGNIFICANCE OF TYLENCHUS 

PRATENSIS 

A large number of specimens from roots of various hosts were at 
hand for the study of Tylenchus pratensis? This organism was 
described by De Man in 1884 as a rare species living free in the soil 
and at that time represented as having a definite posterior esopha¬ 
geal bulb, a statement which greatly influenced the further develop¬ 
ment of knowledge of this form (6, tab. xxii, fig. 95). 3 

In 1917 Cobb (3) described Tylenchus penetrans as a root parasite 
of potatoes, violets, cotton, and the camphor tree, and in 1919 (.4 ) 
he emphasized the close relationship of T. pratensis , T . penetrans , 
and T. musicola. In a later note in his files he came to the con¬ 
clusion that T. pratensis and T. penetrans were identical. The 
material which led him to' this view was lily-of-the-valley roots 
infested with T . penetrans from Wageningen, the Netherlands, which 
came, therefore, from the same country from which De Man had 
obtained his original material. 

In 1924 Aphdenchus neglectus was described by Rensch (IS) from 
various host plants in Germany. This species in the conception of 
the writer is identical with the material under consideration, which 
he consideres beyond doubt to be Tylenchus penetrans of Cobb — 
T . pratensis of De Man. 

In summarizing previous and present observations, Tylenchus 
pratensis must be regarded as an important widespread plant-parasitic 
nema of a pronouncedly destructive nature. It seems, therefore, that 
a clear definition of this species is of much importance. 

Of all the descriptions given, that of Cobb is undoubtedly the 
most complete and accurate, and the specimens used in this study 
could easily be identified as his form. What apparently led him to 
create a new species under the name of Tylenchus penetrans was the 
very definite posterior esophageal bulb which De Man, one of the 
keenest of observers, draws in his figure of T . pratensis , together 
with the classification of the latter as a free-living form. However, 
Cobb, as well as the writer, has seen specimens of T . penetrans which 


1 Received for publication Aug. 15, 1927; issued January, 1928. 

2 For a part of the material dealt with in this paper the writer is indebted to E. G. Arzberger, of the 
Office of Nematology, who kindly called attention to several forms of nemas found during examinations 
of roots of a number of crop plants for their endophytic fungi. The grape roots infested with Tylenchus 
musicola were sent in by C. E. Scott, State of California Department of Agriculture, Sacramento, Calif. 
The lily-of-the-valley pips mentioned in connection with Tylenchus pratensis, the freesias infested with 
the root-knot nematode, as well as the cattleya plant mentioned later, were brought by Freeman Weiss, 
of the Office of Vegetable and Forage Diseases. 

3 Reference is made by number (italic) to “Literature cited,” p. 981. 


Journal of Agricultural Research, 
Washington, D. C. 

78940—27-1 


Vol.35, No. 11 . 
Dec. 1,1927 
Key No. G-600 


(961) 




962 


Journal of Agricultural Research 


Vol. 35, No. 11 


might account for De Man’s drawings. In such specimens the glands 
and the tissue just in front of the intestine form a complex which 
could be conceived of as a posterior bulb. Although T. penetrans 
of Cobb, Aphelenchus neglectus of Rensch, and the writer’s forms 
agree with T. pratensis of De Man in all other essential characters, 
they show this posterior esophageal bulb to be very indistinct. It 
can therefore be understood that Rensch, who had no males to ex¬ 
amine and was looking for a well-developed posterior bulb, came to 
the conclusion that his specimen did not belong to Tylenchus but 
to Aphelenchus. However, if he had had more experience with free- 
living nemas, he would have noticed that the whole appearance and 
character of his specimens were more like those of Tylenchus. than 
of Aphelenchus. There is, for example, the outlet of the salivary 
glands emptying dorsad into the esophageal tube just behind the 
spear—a feature not yet observed in any Aphelenchus. The figure 
Rensch gives is very rough and incomplete; the anal opening is not 
shown, nor the nerve ring, excretory pore, renette, or salivary glands. 
Rut all the facts Rensch gives about the size, morphology, and ecology 
of his animals agree so well with the writer’s specimens that he con¬ 
siders them undoubtedly the same species. The writer, too, had not 
seen males until he had some fresh lily-of-the-valley pips, in which 
of 101 infesting specimens examined, 50 per cent were larval, 36 

E er cent females, and 14 per cent males, the sex number being 38.8. 

)e Man mentions having had only one male; in Cobb’s material, 
too, the females far outnumbered the males. This leads to the con¬ 
clusion that they are either rare or have such different life habits 
from the females that they more easily escape observation. From 
a closer examination of conditions in lily-of-the-valley roots, it seems 
that the adult males more often stay on the surface of the roots or 
in the surface layers of the tissue. This points to the possibility that 
copulation takes place outside the root tissue. 

Perhaps Rensch was unable to locate males, in spite of apparently 
plentiful material and after examining the surrounding soil, because 
he was looking for an Aphelenchus male to go with his supposed 
Aphelenchus females. 

The fact that De Man’s specimens were found living free can 
hardly be made a point against the identity of his and the writer’s 
form. He had only three specimens and considered the form ex¬ 
tremely rare; this corroborates the writer’s observations of soil about 
the roots of Sisyrinchium, from which he was able to obtain only 
a few specimens, whereas within the roots they were fairly abundant. 

A further point in favor of considering Tylenchus penetrans identical 
with T. pratensis is a note in Cobb’s files referring to a cablegram from 
the Netherlands stating that T, pratensis was common there in roots of 
hly of the valley at the time Cobb examined roots of the same plant 
from Wageningen submitted by the Federal Horticultural Board. 
These lily-of-the-valley roots were infested with what he considered 
T . penetrans . The writer has observed the form in large numbers of 
lily-of-the-valley roots imported from Germany, where Rensch con¬ 
sidered this Aphelenchus neglectus such a common pest. (Fig. 1.) 

The situation to-day, therefore, is such that Tylenchus pratensis 
De Man 1884 must be considered as synonymous with T . penetrans 
Cobb 1917 and Aphelenchus neglectus Rensch 1924. The morphology 
of the form has best been worked out by Cobb. The writer has 
little to add to his description. 
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A study, of living specimens revealed in an interesting way the 
ever-changing aspect which the annulation of the cuticle presents— 
dense with the contracted body and wide with the expanded. As 
Cobb remarks, the annulation continues even to the head end, which 
is set off in a buttonlike manner. (Fig. 2, A.) As many as three 
annules could be counted on the lip region. The cuticularized skele¬ 
ton of this region is entirely interior and represents a very com¬ 
plicated framework. (Fig. 2, E.) The periphery of each lip is sup¬ 
ported by an arcuate apophysis. This connects with a framework 
that surrounds the vestibulum and forms both a base to the lip 
region and a tubular structure backward, apparently some sort of 
guiding ring for the spear. Observing living specimens, it is 
noticed that the lip region is continually used as a sucking apparatus 
and in this case fixed on either the slide or the cover glass. Un¬ 
doubtedly the whole framework is a means to develop these sucking 
qualities. 



Fig. 1.—Portion of a lily-of-the-valley root infested with Tylenchus pratensis De Man. X 60 

Micoletzky proposed in 1922 (10, p. 542) to place all the Tylenchi 
which have a cuticularized framework in the lip region in a separate 
subgenus, Chitinotylenchus. In 1925 (11, p . 255), however, he de¬ 
clared his subgenus Chitino tylenchus to be synonymous with Cobb's 
genus Tylenchorhynchus (2, p. 438), The latter genus, however, in 
its type species has two ovaries—a character which is not shared by 
all the members of Chitinotylenchus. As a generic or subgeneric 
character, this is considered more valuable than the cuticularized 
framework in the lip region. Therefore, it is perhaps better to 
regard Tylenchorhynchus distinct from Chitinotylenchus. 

The writer was able to locate the amphids, although they are ex¬ 
tremely small (Fig. 2, B.) They open on the exterior half of the 
lateral lip with an oval aperture. From here inward there leads a 
fine tubular canal, with thickened walls, ending just behind the lip 
region. Then follows a thin-walled section which resembles an 
extremely slender, elongated bottle. It could be followed back to a 
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Fig. 2— A, Anterior end of Tylmchus pratensis Do Man; dct sal, outlet of the 
salivary glands; ex p, excretory pore; sal, salivary glands. X about 1,400. 

B, Front view of head of same species; amph, amphid; on, spear; ppl, head 
papillae. X about 2,100. 

D, Molt of the head end of same species. X about 1,400. 

F, Anterior end of Tyknchus musicola Cobb. X about 500. 

G, Front view of head of same species; amph, amphid; on, spear; ppl, head 
papillae. X about 2,100. 

E, Tail end of a larval specimen of same species. X about 500. 

I, Tail end of an adult female of same species. X about 500. 

J, Head end of Ceph alobus oxyuroides De Man; amph, amphid. X about 1,400. 

C, Anterior end of Axonchium parvum n. sp.; condr oes, constriction of the 
esophagus (typical for this genus); tm on, end of spear. X about 700. 

H, Tail end of same species; promt, prerectum. X about 700. 
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short distance behind the base of the spear. A number of fibers 
(terminals) were seen inside. The whole organ is extremely fine and 
was best seen in specimens in exitu. 

Head papillae were not seen. Even in front views it was not pos¬ 
sible to ascertain their presence. 

Figure 2, D, shows the molted head cuticle, which is of some inter¬ 
est because all the framework of the lip region is contained in this 
molt. As Cobb has described it from other Tylenchi, the spear is 
molted only in its anterior conical part, which is distinctly set off 
from the cylindrical posterior part. Cobb’s conception of the differ¬ 
ence in origin of the anterior part of the spear and the posterior 
part seems therefore well founded. 

It was noticed that the lateral wings, too, were annulated, but that 
here one annule was as wide as two of the rest of the cuticle; the 
space between the wings also shows longitudinal striae, at least one 
on each side. In one specimen a much larger number was seen in 
the vulvar region. 

As has been remarked, De Man found his few specimens free in 
the soil. Cobb (3) in his paper on TylencTms penetrans gives four 
important hosts, and in his unpublished files two others, the lily of 
the valley and the fig tree. Rensch mentions a number of hosts 
from Germany and notes their pathological features. They consist 
of restricted growth and yellowing of the leaves—features which 
most often are attributed to other causes than nema infestations. 
This may be one reason why T, pratensis as a plant parasite has 
hitherto been given so little attention by plant pathologists, although 
it appears to be a very widespread and serious nemic pest. The 
host list already includes the following plants: 

Cobb’s observations: 

Potato tubers (Michigan, Tennessee). 

Violet roots (New York). 

Cotton roots (South Carolina, Georgia). 

Camphor-tree roots (Florida). 

Lily-of-the-valley roots (Wageningen, the Netherlands). Unpublished. 

Ficus carica, fig-tree roots (California). 

Rensch’s observations: 

Winter rye (Germany). 

Wheat (Germany). 

Winter barley (Germany). 

Weingartneria canescens (Germany). 

Papaver plants (Germany). 

Wild oats (Germany). 

Atriplex plants (Germany). 

Sugar beets (Germany). 

Rape (Germany). 

Writer’s observations: 

Wheat (Arlington Experiment Farm, Rosslyn, Va., and Ohio Agri¬ 
cultural Experiment Station). 

Rye (Arlington Experiment Farm, Rosslyn, Va.). 

Corn (Zea mays) (near Chain Bridge, Va.). 

Sugar cane (greenhouse, Arlington Experiment Farm, Rosslyn, Va.|. | 

Cotton (South Carolina). 

Poplar hybrids (propagation plot of New York Botanical Garder 

Sisyrinchium angustifolium (Woods Hole, Mass.) 

Lily of the valley (Convallaria majalis ; Germany). 

Cattleya sp. (greenhouse near New York City). 
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The measurements given by the various authors are as follows: 
De Man: 


Cobb: 


2.7 

? 

22.6 

-79- 

96.4 

2.4 

? 

3.6 

3.6 

2 

3.3 

? 

20 

M 

95 


? 

? 

3.6 

2 .! 

2.8 

12 

18 

50735 

1 


0.6 mm. 

\ 0.45 mm. 


95 


3.1 

3.2 


4.2 

11 


4.5 

16 


4.6 


M 


2.6 

94.5 


0.7 mm. 


4.5 


4.6 


4.3 


3.6 


0.5 mm. 


Renseh: 


Eggs.—Length, 0.078 mm.; width, 0.025 mm. 


3.9 ? 13 -75- 

3.9 ? ” ? 4.9 


_? 

? 


0.467 mm. 


Eggs.—Length, 0.063 to 0.06S mm.; width, 0.021 to 0.025 mm. 
Measurements from the writer’s specimens: 

Average of three females— 


2 1 9_ 

2.5 


12 


17 


SO 


3.4 


3.5 


3.7 


95.6 _ ro 
—0.58 mm. 


Eggs (average of 5 ).—Length, 0.067 mm.; width, 0.025 mm. 
Average of three males— 


3.2 

2.2 


15 


20 


M 


95.8 


3.2 


3.2 


2.4 


0.5 mm. 


As pathological symptoms resulting from infestation by the 
present species, Cobb described peculiar pustules on potato tubers 
and brownish spots on the roots of violets. Such spots have been 
seen by the writer on roots of Sisyrinchium. In the lily of the 
valley, however, the spots, or sometimes whole areas, were reddish. 
With the exception of potato tubers, the nemas have been observed 
only in the cortex of roots, where they move in the parenchymal 
tissue and apparently feed on the cell contents. They force their 
way through the cell walls; often, especially in cross sections, one 
comes across a specimen which has its body “strangulated” by a 
cell wall which did not give way; but this apparently does not matter 
to the nema. 

Very often one sees a large number of specimens quite close 
together, as shown in Figures 3, 4, and 5. Eggs, larvae, and adult 
females are seen together; as many as five eggs have been seen 
deposited tandem, separated by only a few plant cells. The eggs 
are large compared with the adults, but rather thin shelled. They 
develop inside the roots; the larvae hatch out blunt tailed and 
devoid of any signs of a spinneret. In agreement with the other 
observers, the writer has seen only a single egg at a time in the uterus. 

Cobb has already emphasized the ecomomic significance of the 
present species. Renseh considers the present species very inju- 
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rious, especially to young plants and seedlings. He found the roots 
of seedlings only four weeks after they had been sown completely 
shot through with the nemas. But it is only necessary to look at 
Figures 1 , 3, 4, and 5, which represent typical cases of the way these 
nemas occur in the finer roots, to realize that such a plant can not 
grow properly. The writer is convinced that the future will prove 
that in many instances troubles caused by the present form have 
wrongly been laid to some other cause. 

Specimens of Tylenchus pratensis undoubtedly move slowly but 
continually through the root tissues. The path prepared by the 
larvae aids in the spread of other root diseases through the root 
tissues, especially fungi. Cases have been observed by the writer 
where numerous chytrids could be seen following what appeared to 
be the trail of T. pratensis . 



Fig. 3.—Root of wheat (Kanred) infested with Tylenchus pratensis. X about 55 

HOPLOLAIMUS CORONATUS, A PARASITE IN ROOTS OF SUGAR 
CANE, CORN, RED CLOVER, AND ALFALFA 

Hoplolaimus coronatus was only recently (1923) described by Cobb 
(5) from a few specimens found around a “nest of Mermis” near Falls 
Church, Va. The comparatively late discovery of this large and out¬ 
standing nema is probably due to its parasitic life, which keeps the 
specimens inside the roots of their host plants during most of their 
life period. The writer has frequently seen specimens leaving roots or 
just on the point of entering them. (Fig. 6.) This observation rather 
points to a vagrant mode of life. It is not known whether this 
species copulates inside or outside the roots, but its considerable size 
would indicate that copulation in the soil is more probable. 

Hoplolaimus coronatus Cobb was first observed by the writer in 
roots of corn (Zea mays) from Virginia and was found to spread all 
through the fine roots; later it was noticed to be very common and 
abundant in roots of red clover and alfalfa from near the campus of the 
University of Maryland, College Park, Md. 4 In 1924 it was also 
found in roots of sugar cane grown in greenhouses at the Arlington 


* For these samples the writer is indebted to H. S. McConnell, Division of Entomology, University of 
Maryland. 
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Fig. 6,—Corn roots with Hoplolaimus coronatus Cobb. Two specimens are entering the roots. 

X about 8 
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Experiment Farm, Rosslyn, Va. In a recent paper F. Muir mentions 
two Hoplolaimi from sugar-cane roots from Hawaii but does not name 
the species of Hoplolaimus. Within the roots, these nemas are 
always located in the parenchyma of the cortex, and the writer has 
never seen them elsewhere. Although a few specimens may occasion¬ 
ally be found together, this form never occurs in “nests,” like Tylen¬ 
chus pratensis. 

Hoplolaimus poronatus Cobb is probably widespread, attacking a 
much larger number of plants than the few mentioned above. Its 
significance may not be limited to the destruction of the root tissues 
and interference with the physiological function of the roots. On 
account of its considerable size it may be an agent which prepares an 
entrance for other diseases and thus aids in spreading them. 

TYLENCHUS MUSICOLA LIVING IN ROOTS OF GRAPE 

It was reported by Cobb in 1918 that Tylenchus musicola Cobb from 
roots of the Bluggoe banana, Grenada, Barbados, West Indies, caused 
a serious disease. The present findings from roots of grapes ( Vitis 
vinifera ) from Loomis, Calif., are the second ones, thus showing that 
this nema is not confined to the banana and the Tropics. 

The nemas were found all through the parenchymal tissue, close to 
the central cylinder; larvae and females were observed, but no males 
were found. The grape roots had swollen tips and were therefore 
examined for root knot ( Caconema radicicola), which led to the 
finding of the infestation by the present form. Unfortunately, 
the roots as received were quite dry; hence the material was not of 
the very best. Cross sections proved that the cell walls were greatly 
damaged and apparently broken to a considerable extent by the 
moving nemas. Seemingly the cells are emptied of the plasmatic 
content. 

The characters given by Cobb apply very well to the specimens 
received. (Fig. 2, D.) The writer is convinced that not only “phas- 
mids” (lateral papillalike organs in the middle of the tail end in the 
male and female) but also “deirids” (lateral papillae in the cervical re¬ 
gion) are present; the latter were observed in the latitude of the anterior 
esophageal bulb. Regarding the spear, Cobb writes: “In the pre¬ 
served specimens the anterior portion of the spear is distinctly visible, 
but the bulbs and hilt are rather ghostly, though well developed.” 
This characterizes in the most accurate way the conditions observed 
in the writer’s specimens. The posterior esophageal bulb is very 
indistinct. The salivary glands were seen, but not their outlet be¬ 
hind the base of the spear. However, an ampullalike swelling of a 
glandular nature was observed inside the esophageal tissue. _ Cobb 
has already emphasized the variability of the shape of the tail end. 
In the writer’s material the tail was usually bluntly rounded, as shown 
in Figure 2,1. In the larval specimens a small mucro was often seen 
(fig. 2, E); sometimes this mucro was shifted to the ventral side of the 
then rather blunt end. 

In studying the front view of the head (fig. 2, G), four submedial 
but rather faint papillae were seen. The amphids are also very in¬ 
conspicuous and somewhat closer to the periphery of the head. The 
measurements were found to be as follows: 

„ , . 2.6 12 19 79 95.5„„, 

Female 1: 0 -gTfl-O-O-O 0 ' 64mm - 
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Female 2: 


Female 3: 


3 

14 

21 

79 

93.9 

2 . 3~ 

~~3 “ 

" 374 

3 

2 . 3 

3. 1 

14 

23 

78 

93.8 

2. 3 

3.1 

3. 5 

3. 5 

2 . 7 


0.54 mm. 
0.52 mm. 


RELATIONSHIP OF SOME SO-CALLED SOIL NEMAS TO CORN 

SEEDLINGS 

For the study of the relationship of some chytrids to corn roots, 
the following experiment was arranged: 5 A handful of soil was placed 
in the bottom of a cylindrical glass jar about 75 cm. in height. The 
soil was known to contain chytrids, but no special observations were 
made concerning its nemic fauna, although it was known that Hop - 
lolaimus coronatus was present at the place where the soil was col¬ 
lected. After the soil was carefully placed in the bottom of the jar, 
the latter was cautiously filled with running water and a corn seed 
placed on top of the water column now about 66 cm. high. The seed 
itself had been treated with bichloride of mercury. After four weeks 
the seedling was removed and the roots subjected to a very careful 
examination. The search revealed a number of nematodes within the 
roots. From a piece of root about 2J4 cm. long 58 specimens were 
isolated. The forms observed belonged to six different species: 
1 , Dorylaimus brigdammensis De Man; 1 , Axonchium parvum 
n. sp.; 2, Aphelenchus parietinus Bastian; 18, Cephalobus oxyuroides 
De Man; 1 , Plecius granulosus Bastian; 35, Plectus longicaudatus 
Butschli. 

These findings are of some significance because they throw a more 
definite light upon the relationship of the forms mentioned to plants, 
especially to corn. In phytopathological circles usually very little 
consideration is given to the so-called soil nemas. All the above- 
mentioned forms, however, belong to this group and have a much 
closer relationship to plant life than was once thought. The nemas 
were apparently able to locate the growing seedling, which at the 
beginning was at least 60 cm. distant. The attraction which the 
seedling exerted was probably based on chemical secretions which 
diffused through the water and served as a directing agent. To cross 
the distance the nemas had either to move in an almost perpendicular 
path through the water or to use the wall of the glass jar as a climb¬ 
ing support. But in either case what appears to be a developed 
sense of “smell” is rather outstanding. This point calls for even more 
consideration because the forms involved were not thought to have 
plant-attacking habits. It must be admitted that the soil used in 
this experiment was taken from a cornfield around the com roots. 
The nemas had therefore probably been familiar with com as a food 
plant and so may have responded more accurately to it than they 
would have responded to any other plant. 

Of all the species present, Plecius longicaudatus Butschli was most 
numerous; 12 adult females and 23 larvae of various sizes were 
observed; 7 females had eggs. Contrary to observations of earlier 
investigators (7, 10), most of the specimens had distinct lips. This 
would bring them clpser to P. rhizophilus De Man, or, as Micolotzky 
conceived it, to P. cirratus Bastian var. rhizophilus De Man; but the 
size, the shape of the tail, the structural conditions of the cardiac 


* By E. G. Arzberger, Office of Nematology. 
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bulb, the mouth cavity, and the amphids rather speak for system¬ 
atic position near P. longicaudatus. The writer can support the 
description of the amphids which De Man gave in 1921 (8); their 
external parts have a spiral form with only one turn rather than a 
circular form. From this part a duct can be followed leading back¬ 
ward as far as a short distance proximad to the base of the mouth 
cavity; the duct always starts at the open edge of the spiral, i. e., it 
is always dorsad. Another observation concerning the morphology 
of P. longicaudatus is the presence of a deirid, i. e., a fine lateral papilla 
on each side a short distance behind the nerve ring. Such papillae 
have not yet been mentioned as occurring in any of the members 
of the genus Plectus. 

The number of specimens of Plectus longicaudatus present in the 
roots of corn seedlings proves beyond any doubt its ability to feed 
entirely on corn roots and to live and propagate within the root 
tissue. At least some of the younger larvae seem to have developed 
from eggs which the adult forms had deposited within the roots. P. 
longicaudatus is syngonic, and therefore propagation is not depend¬ 
ent upon the presence of males. This may account for the fact that 
P. longicaudatus was more numerous in the present case than Cepha - 
lobus oxyuroides . A careful study of the intestinal content of the 
specimens was made, but only finely granulated materials were seen. 
It is therefore concluded that P. longicaudatus fed directly on the cell 
contents of the root parenchyma in which it was found. Although 
the water roots of the present seedling represented especially soft 
tissue, this alone would not account for the presence of all the nemas 
in it. There is certainly a definite food relationship between the 
nemas studied and the corn plant. The measurements of two adult 
specimens of P. longicaudatus were as follows: 


0.54 15 27 *51* 

1.3 3.2 4.3 5 


85 

2.2 


0.38 mm. 


0.66 13 25 

1.2 3.3 4.1 


50 

4.7 


86 

1.9 


0.43 mm. 


These measurements agree well with those given by earlier observers— 
a fact which indicates normal living conditions in the present case. 

Cephdlolus oxyuroides De Man was next in number to Plectus longi¬ 
caudatus . It is a species which had been observed by the writer 
very frequently in various tissues of numerous plants. This form 
also seems able to live upon plants entirely. The com roots studied 
contained 7 adults (4 males and 3 females) as well as 11 larval forms, 
and it is thought that copulation and the deposition of eggs occurred 
within the root parenchyma. 

The head end of the present species, shown in Figure 2, H, J, may 
aid in completing our knowledge of the head sense organs. As can 
be seen, the six lips have two fine papillae each; the amphids are 
situated on the dorsal part of the lateral lip, close behind the lateral 
papillae. This species too has phasmids (lateral papillalike organs in 
the middle of the tail in males as well as females) and deirids. 

The writer has already called attention to the economic significance 
of various other members of the genus Cephalobus in other papers. 
The present observations afford additional evidence. Many Cepha- 



972 


Journal of Agricultural Research voi. 35, No. 11 


lobi, the present species included, may be omniphagous, at least to 
a certain degree. Although this character makes less significant the 
extent of direct damage done by this species of nemas, on the other 
hand it causes them to serve as important carriers for diseases (bac¬ 
terial, virus(?), and fungous). 

Dorylaimus brigdammensis De Man was found, but only a single 
specimen. It had not yet been recorded from America, but was 
known to live in the soils of the Netherlands, Switzerland, Denmark, 
and Russia. Its food and feeding habits were not known. The 
present observation suggests a parasitic relationship to plants. The 
specimen had an egg in its uterus. The measurements were as 
follows: 

0.14 7.4 22 —48— 83 

0.69 1.8 2.2 2.2 1.5 1,5 mm * 

Axonchium parvum n. sp. is the smallest of all known members of 
this genus. Although some Axonchia had been found around the 
roots of plants, none had been observed in plant tissue. 6 The pres¬ 
ent specimen was an adult female, but had no egg in the uterus, 
although one was ready to enter it. Doubtless this form can live 
entirely parasitically. 

The distinguishing characters of the new species are as follows: 

Measurements .— ^ “3 " 37 — 22 0,64 mm * 


Diagnosis .—Axonchium of small size (0.64 mm.); the enlarged posterior part 
of the esophagus less than one-half its length; tail end bluntly rounded, ovary 
posterior, with the end reflexed and reaching two-thirds back to the vulva; male 
unknown. 

Only a few species of this well-defined genus 7 are described. The 
present one is much smaller than all the others and especially well 
characterized by the short posterior part of the esophagus. It is 
very well set off by the deep constriction so typical of the genus. 
The writer was unable to determine definitely the number of head 
papillae, but estimates that there are two circle of six each, the 
lips being only faintly visible. The spear is about three times as 
long as the head is wide and, at least in the present specimen, rather 
fine. (Fig. 2, C and H.) 

. Plectus granulosus Bastiau was represented in the corn roots by a 
single adult female with the following measurements: 

2.2 ? 21 h 52 » 92,3 

1.8 ? 3.3 " 3.6 ‘ " 2.2 L0 " mm * 

This form has already been claimed by several observers as feeding, 
at least partly, in plants. It has been mentioned from seedlings of 
cereals, and Micoletzky (10) found chlorophyll as intestinal content. 

Aphelenchus parietinus Bastian was represented by an adult female 
with one egg and a very young larval specimen. The measurements 
of the female were as follows: 


1.8 4.9 12 38 67 91.3 _ 

lX 2.3- 2J7 -2X175 °* 42 mm ‘ 


• Since this was written P. Muir states that Axonchium was living in sugar-cane roots in Hawaii (12), but 
he does not mention the species, 

7 It is a great mistake to consider this well-characterized genus as synonymous with Dorylaimus, as do 
Baylis and Daubney m a recently published book CQ. 
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Following Micoletzky’s conception of this species, the present form 
would come under the variety tubifer, forma parvus, subforma in- 
formis. A. parietinus has been recorded from various hosts by 
several investigators. 

UNUSUAL REACTIONS OF FREESIAS TOWARD THE ROOT-KNOT 
NEMATODE (CACONEMA RADICICOLA) 

A conception commonly found among plant pathologists is that 
nemic diseases of plants can be recognized with much accuracy by 
certain pathological symptoms exhibited by the host plants. This 
is often the case, but appearances are also often misleading. 

Plants with. nemic infestation might sometimes (perhaps under 
certain climatic or growth conditions) show no symptoms, and in 
other cases symptoms regarded as typical for nemic diseases might 
exist and no nemas be found. Nematologists therefore are rather 
skeptical about such symptoms and consider an examination with the 
microscope the only safe way to determine the presence of nemas. 
Besides, as already shown in the present paper, a number of injurious 
plant-parasitic nemic species never produce special symptoms, i. e., 
symptoms which could not be attributed also to some other cause. 

Even such a nemic disease as root knot, seemingly well character 
ized by its symptoms, is not always properly recognizable by them. 
Peonies, for example, have been observed in this laboratory in numer¬ 
ous instances to exhibit root swellings with all the typical features of 
root knot, and yet Gaconema radicicola could not be located. On 
the other hand, roots of plants, e. g., cyclamen, have also been 
observed which, although they showed no swellings harbored the 
root-knot nema and were severely affected. It is evident that various 
plants do not react in the same way toward the root-knot nema. 
Even early observers noted that some heavily infested plants seemed 
to suffer little or not at all, whereas other species with comparatively 
few knots were in a dying condition. Cyclamen is in this respect an 
outstanding example. It was observed that a few specimens of 
Gaconema radicicola were able to kill half-grown plants. The roots 
did not develop the typical knots, but began to decay at the places 
where the parasite was located; in some such instances the nemas 
could be located only after search somewhat more tedious than usual, 
because the absence of swellings left the observer without the usual 
characteristic guide. 

Recently the writer came into possession of some freesia. bulbs 
sent in for examination by a New Jersey nursery because of their fail¬ 
ure to bloom after forcing. The bulbs were infested with Gaconema 
radicicola. This plant may be added therefore to about 660 other 
hosts already known. Most interesting, however, were the symp¬ 
toms of this infestation. Contrary to the usual development where 
the whole root swells at the location of the parasite, such swellings 
were absent. In the fully developed stage brownish-yellow spherical 
bodies are attached to the roots. (Fig. 7.) They stand out especially 
well on the finer rootlets. At first sight they resemble the brown 
cysts of the sugar-beet nematode ( Heterodera schachtii ) and could 
be mistaken for such by inexperienced observers. However, a close 
examination of the adult female in these globules as well as of the 
larvae proves at once that it is the typical root-knot nema. 



974 


Journal of Agricultural Research 


Vol. 35, No. 11 


A comparison of such nodules at different stages of development 
(figs. 7 to 9) leads to an understanding of these anomalous conditions. 
In plants with a normal reaction toward the nema and the young 
female Caconema develops within the parenchyma of the root 
cortex. As the female begins to grow and swell, it presses toward 
the surrounding tissue, which naturally slackens on the side of least 
resistance, that is, toward the surface. Here a more and more 
pronounced elevation is formed. The tissue of freesia, however, 
seems to be unable to counteract or neutralize this expansion by 
regenerative action and simply cracks and splits, the outer tissue 
assuming a brownish discoloration. Eventually it dies off and forms 
the above-mentioned yellow-brown crust around the female nema, 




Fig. 7. —Roots of freesias with the females of Fig. S.—Roots of freesias with immature females 

Caconema radicicola attached outside the roots of Caconema radicicola. X 4}jj 

X 434 


which appears more or less outside the surface of tho root and at 
least partially free. These conditions are understood to be a result 
of the lack of regenerative power in the root cortex tissue of freesias. 
Whether this is a general lack or a specific absence resulting from the 
influence of the nema, the writer is unable to judge. Freesia, how¬ 
ever, evidently suffers much from a few Caconema parasites and 
belongs to that group of plants easily damaged by even a small 
infestation. It seems from the foregoing description that the 
symptoms are more nearly those of Heterodera schachtii than thoso 
regarded as typical for Caconema radicicola, proving once more that 
too much stress should not be laid upon the macroscopic pathological 
symptoms in diagnosing nemic diseases. 
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BE MARK ABLE HABITAT OF TYLENCHUS DIPSACI 

The stems, leaves, flowers, and seeds as well as certain subterranean 
stems and leaves (bulbs, tubers, and rhizomes) are the parts of plants 
usually chosen by Tylenchus dipsaci to live in. The recognition of 
bulbs, tubers, and rhizomes as types of stems and leaves proves much 
for the “botanical” instinct of this nema. So far as the writer 
knows, T. dipsaci has never heretofore been recorded from the roots 
of plants. The recent discovery of this nema in the roots of lilac 



Fig. 9.—A single female of Caconema radicicola just breaking through the root surface of a freesia. 

X about <30 

hybrids (Syringa vulgaris ) therefore came as a surprise. These plants 
were imported from Nancy, France, and were submitted for examina¬ 
tion because of warty outgrowths on the roots (crown galls). Nemas 
were also found, and these proved to be T. dipsaci . Although their 
number was not large, several, were obtained, mostly larvae. At 
least a part of the specimens came from the above-mentioned warts. 
The measurements of an adult male were as follows: 


1.2 9.1 17 M 90.9 

1.4 2.5 2.8 3.3 2 


0.7 mm. 
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NEMAS ASSOCIATED WITH THE ROOTS OF AN ORCHID 

A oattleya plant sent in for examination from a greenhouse near 
New York City afforded the opportunity to investigate, in a pre¬ 
liminary way, the nemic fauna associated with its roots. The 
cattleya, especially its root system and the soil in which it grows, 
undoubtedly represents highly specialized conditions for the life 
environment of a nemic fauna. It was therefore expected that a 
number of widely different forms, able to live under the most varied 
conditions, would be found. On the other hand, it was thought 
that perhaps some forms particularly adapted to the specialized 
conditions here existing might be observed. These expectations 
were realized. As may be seen from the list here given, most of the 
nemas isolated are forms able to live under most varied conditions. 
But there are also two forms which perhaps are peculiar to such 
orchids, namely, Aphelenchus tenuicaudatus De Man and Diplogaster 
asymmetricus n. sp. The former was described by De Man from the 
roots of orchids, namely, various species and hybrids of calanthes, 
and has never been found since, as far as the writer knows. Diplo¬ 
gaster asymmetricus is a new species and was the most numerous 
species present, a fact which seems to indicate that it is perhaps a 
form specific for orchids. 

The nemas listed below all came from the surface or from the inside 
of the roots, only parts of which were examined. Their close connec¬ 
tion with these roots is beyond doubt, although the exact nature of 
this relationship is not known. But that these relations might often 
be of indirect and complex character is to be concluded from the fact 
that hyphae of a mycelium were observed in the intestine of a Plectus 
communis found on these cattleya roots. This suggests that this 
nemic species is associated with the mycorrhiza of this orchid—a 
new viewpoint for the ecological significance of the nemic fauna of 
soils. 

The nemas isolated from the roots of the cattleya plant included 
100 specimens belonging to 15 different species and to 10 different 
generas, as follows: 14, Rhdbditis monhystera Biitschli; 2, Plectus 
hngicaudatus Biitschli; 1, Plectus communis Biitschli; 21, Cephalobus 
oxywroides De Man; 5, Cephalobus hngicaudatus B iitchli; 0, Acrobeles 
(Acrdbeloides) minor Thorne; 8 2, Acrobeles tricornis t Thorne; 8 26, 
Diplogaster asymmetricus n. sp.; 1 , Prismatolaimus intermedins Do 
Man; 1 , Bastiania longicaudata De Man; 3, Monhystera vulgaris Do 
Man; 3, Tylenchus pratensis De Man; 1 , Tylenchus intermedins Do 
Man; 13, Aphelenchus tenuicaudatus De Man; 1 , Aphelenchus sp. 

Thus the nemic component of the root biocoenosis of cattleya 
proves itself to be rich in numbers as well as in forms. 

RHABDITIS MONHYSTERA 

A number of larval and female specimens of Rhdbditis monhystera 
Biitschli were seen. De Man ( 9 ) has recently called attention to the 
fact that in the past at least three different species were wrongly 
placed under this name. The writer’s specimens, however, surely 
belong to Biitschli’s form. 


8 For the identification of these species the writer is indebted to Gerald Thorne, of the Office of Noma- 
tology. 
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PLECTUS COMMUNIS 

Only a single specimen of Plectus communis Bufcschli was found—an 
adult female. Deiride were present; possibly also phasmids. The 
amphidial openings are not transverse oval openings as would be 
expected from De Man's drawings, but they have the shape of a 
defective spiral, open dorsoposteriorly. This form seems to live, at 
least partly, on fungus mycelium. A partly digested mycelial thread 
was distinctly seen in the intestine. 


CEPHALOBUS OXYUROIDES 


Some specimens of the present material are considered to be 
Oephalolus oxyuroides De Man, although they are of very dwarfed 
size—such as not yet mentioned in literature. Of three males seen 
and measured,'the smallest was only'0.38 mm. and the largest 
0.41 mm.; yet, asjmay be seen from the following formulae, the size 
relations agree fairly well with what is known: 


Male 1: 
Male 2: 


2 . 6 22 30 

2. 2 3. 2 3. 8 


M 
4. 3 


91. 4 
3. 2 


0. 38 mm. 


2.4 21 30 

2. 2 4. 1 4. 1 


M 90. 3 
4. 9 3. 2 


0. 41 mm. 


Female (fertilized, 1. 1 18 30 24 66 3 * 91 

but without egg): i. 2 3. 1 3. 3 3. 4 1. 9 


The three papillae on the male tail end just in front of the terminal 
point could always be detected easily; this was not true of the other 
papillae,, which were very faint and sometimes rather doubtful. 


DIPLOGASTER ASYMMETRICUS 


A considerable number of female, male, and larval specimens of 
the new species, Diplogaster asymmetricus n. sp., were seen. (FigMO, 
A, C, D, E.) Its name was chosen because of the asymmetrical 
position of the pharyngeal teeth. 


Measurcmenls — 


Female: 

Male: 


0. 93 9. 3 14 17 41 18 

1.2 1.9 2.3 3.2 

0 .75 9 14 M 

1.2 1.9 2 2.3 


74 
1 . 8 

71 

1.8 


0 . 88 mm. 
0.82 mm. 


Diagnosis ,—Diplogaster with a very elongated setaceous tail end (fig. 10, E) 
in both sexes; a mouth cavity wider than deep and about half as deep as the head 
is wide; only two pharyngeal teeth, one somewhat larger dorsallv, slightly to the 
left and a submedial smaller one also to the left (fig. 10, C); middle esophageal 
bulb well developed (fig. 10, D); cardiac bulb indistinct, in fact only a gradual 
swelling of the posterior part of the esophagus; male with curved spicula and a 
somewhat flag-shaped gubernaculum, the staff of which points along the spicula 
to the anal opening, whereas the flag is directed eaudad and has a rounded edge; 
a ventro-submedial setaceous papilla is in front of the inner end of the spicula, a 
second one in front of the“anus, a third one back of the anus, and a group of three 
in about the middle of the* conical, not filiform, part of the tail; there are also three 
lateral papillae, one in front of the anus, one close to the middle of the conical part 
of the tail and one about where the filiform tail end begins (fig. 10, E). 

Description and remarks .—The tail end of this species is extremely fine, but 
breaks off apparently quite easily. It is not difficult to recognize the annulation 

78946—27-2 
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Fig. 10 .—A, Head end of Diplogaster asymmetrkus s. sp.; amph , amphid. X about 1,400. 

B, Head end of Bastiania longicaudata Do Man; amph, amphid. X about 1,400. 

C, Front view of head of same species; cph set , cephalic setae; dsl drtt, subdorsal 
onchium; snst suhm dnt, left ventro-submedial onchium; lb pvl . labial papillae, 
X about 1,400, 

D, Anterior end of same species. X about 500. 

E, Tail end of male, same species; ppl 1 to 9, copulatory papillae, X about 500. 

F, Anterior end of Aphelencnus tennicaudatvs De Man; ant grn mass oe blb t anterior 
granular mass of tho middle bulb of the esophagus; dot maj dsl gl, ductus of the 
large dorsal gland; ex p, excretory pore; nrv r, nerve ring; past grn mass oes bib. 
posterior granular mass of the middle bulb of tho esophagus; trm on. posterior end 
of spear. X about 500. 
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of the cuticle, but it is hard to distinguish the elements of this annulation. These 
are transverse series of points which seemingly are arranged also in longitudinal 
series at the conical part of the tail end. The oral opening is wide and surrounded 
by a membranelike structure which is supported by 14 labial papillae. (Fig. 2, 
A and B.) These give the walls of the oral cavity a striated appearance when 
seen from the side. There are six single cephalic setae, each placed on a thickened 
base. The amphids are located a short distance back of the mouth cavity; the 
opening is a transverse oval and leads into a cuplike cavity. 

On the base of the wide mouth cavity are the two rather small onchia, slightly 
curved and pointed forward; the side walls of the oral cavity are strong and sup¬ 
ported by mobile cuticularized pieces. (Fig. 2, A.) 

The cylindrical anterior part of the esophagus back to the middle bulb has 
radial muscles very well developed, whereas the posterior part consists of an 
entirely different kind of tissue and gradually swells to form a bulklike end. 
It seems that this posterior part of the esophagus contains some glandular cells, 
one of which stands out prominently because of its remarkable nucleus. No 
excretory pore and no renette cell were seen. 

The female sexual organs are double, the ovaries reflexed, and there is in 
each uterus usually only one egg, which apparently is deposited in an advanced 
stage of segmentation. 

The most remarkable character of the male is its gubernaculum, which, seen 
from the side, somewhat resembles a flag with a rounded contour and with a 
staff handle turned toward the anus. Of all the Diplogasters with similar 
gubernacula, the one of the present species is the largest the writer has ever 
seen. There are indications that the protrusor muscle of the spicula is attached 
to the sides of this gubernaculum. A few oblique copulatory muscles were seen 
in front of the anus. 

PRISMATOLAIMUS INTERMEDIUS 

The only specimen of Prismatolaimus intermedins De Man was a 
female of dwarf size, reaching only 0.045 mm., thus remaining con¬ 
siderably below the minimal size given by various observers. The 
vulva opened at 62 per cent of the total length. A careful examina¬ 
tion of the head end proved that Micoletzky is right in attributing 
to this species 10 instead of only 6 cephalic setae, confirming also 
his description and figure of the amphids. 


BASTIANIA LONGICAUDATA 


A single female specimen of Bastiania longicaudata De Man (fig. 
10, B) was found, with measurements as follows: 


0.19 6.2 18 “57 15 

0.58 1.0 1,2 1.9 


90 

0.97 


1.06 mm. 


Since the amphids of this species never have been described properly, 
they are sketched in Figure 10, B. The opening is a somewhat 
irregular oval, perhaps derived from a former spiral furrow. From 
it a tube leads inward and backward, somewhat curved, widening 
farther back to an ampulla, inside of which a number of fine fibers 
(terminals) could easily be seen; they emerge apparently at the base 
of this ampulla from an opening and connect here with nerve fibers 
which go down to the nerve ring. 


TYLENCHUS INTERMEDIUS 

A single specimen of Tylenchus intermedius De Man was observed, 
a female without an egg. It was of very small size, not reaching 
even the minimal length given by Micoletzky (0.560 mm.). This 
form is of special interest because of its morphological resemblance 
to T . dipsaci . Its measurements were as follows: 

1.6 ? 19 ? 79 91 

L6 ~ ? 2.1 1.9' U 


0.51 mm. 
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This species was described by Do Man (7) in 1895 from Galanihes 
vestita Wall, and C. veitchii (the latter said to be a hybrid of G. vestita 
and G. rosea ) grown in the nursery of Veitoh at Chelsea, London, 
England. DeMan gives as measurements for the male 0.8 mm., for 
the female 0.95 mm., with a = 35 to 36, /3 in the male 8.5 to 9, in the 
female 9 to 9.5, y in the male 11 to 15, in the female 7% to 8f£, 
rarely 10. The specimens were therefore of considerably smaller size 
than those studied by the Dutch scientist; furthermore, the writer 
has not seen a male and concludes from this that males must be less 
numerous than females. 

Morphologically, this species is well characterized by its head end 
with the well-marked six lips; by its long spear, destitute of terminal 
bulbs (fig. 10, F); by the largo medial bulb of the esophagus, which 
has glandular tissue anteriorly and posteriorly to a remarkable 
extent; by its extraordinarily long salivary gland, dorsad from the 
intestine; and by its pointed and elongated tail in both female and 
male. 

The fine annulation of the cuticle has boon mentioned by De Man, 
also the elongated tail, ending in a hairlike portion. . 

The lip region is well set off; papillae and amphids could not be 
seen in a side view. 

The spear measures 22 to 26 microns and is needle shaped, without 
bulbs, and without the usual division into an anterior conical and a 
posterior cylindrical part; it is not oven sot off from the esophageal 
tube, but in the living specimens the point of j unction between spear 
and tubo can easily bo detected, because the spear is stiff, whereas 
the esophageal tube bonds. Tn the fixed specimens the spear is 
sometimes very difficult to see, but its inner end can always bo 
detected by tho ends of the protruding muscles; one or two lino 
indications of guiding rings wero soon in tho wall surrounding the 
spear. Tho esophagus, back to the oval bulb, is very slender; tho 
bulb measures 11 to 12 by 20 to 24 microns; it is therefore about 
twice as long as wide. Nearly its whole anterior half consists of a 
granular, somewhat glandular substance, ponotratod only by tho 
esophageal tube; then follows a muscular section with tlio central 
valves, which are rather short and somewhat curved; then follows again 
a granular terminal portion, through which tho esophageal tubo con¬ 
nects with the intestine. _ Apparently connecting with the dorsal side 
of this granular end portion is the outlet of an extremely long single 
salivary gland, which extends 142 microns back to tho dorsal side of 
the intestine. In some specimens the outlet of this gland could bo 
seen penetrating the granular end portion of the bulb and emptying 
into the bulb cavity at the posterior end of the valves. This, how¬ 
ever, was rather indistinct. The nerve ring is sometimes located 
close behind this bulb, in other cases only a short distance caudad. 
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The anterior end of the intestine is thin walled and transparent, 
but shows already a remarkably wide cavity, exhibiting therefore a 
still further advanced transformation of this formerly esophageal 
part into true intestinal tissue. The walls of the intestine are rather 
thin, and the cells contain a number of fine globules. The rectum and 
anal opening in the fixed material are rather obscure, but are readily 
seen in living material. The excretory pore in the living specimen is 
mostly in front of the esophageal bulb; in fixed material, however, 
ventrad from it. 

b The thin, slender ovaries are always to the right side of the intes¬ 
tine, and the eggs are rather small and apparently deposited in an 
unsegmented stage. Numerous sperms were seen in a receptacle at 
the end of the oviduct. 
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THE OCCURRENCE OF ACETALDEHYDE IN BARTLETT 
PEARS AND ITS RELATION TO PEAR SCALD AND 
BREAKDOWN 1 

By C. P. Harley, Assistant Physiologist, and D. F. Fisher, Pathologist, Office of 
Fruit Diseases, Bureau of Plant Industry, United States Department of Agri¬ 
culture 

INTRODUCTION 

The opinion has long been held that functional or physiological 
disorders of fruits held in storage have their origin in the accumula¬ 
tion of certain toxic metabolites. Several organic substances which 
may possibly be instrumental in bringing about conditions commonly 
known as physiological diseases have been identified as products of 
metabolism. Brooks, Cooley, and Fisher (i), 2 who investigated 
apple scald, found evidence which suggested that the disease is due 
to volatile or gaseous substances, other than carbon dioxide, which 
are produced in the metabolism of the fruit and which can be carried 
away by air currents or taken up by various absorbents. They were 
able to produce effects resembling scald by exposing apples to the 
vapors of various esters (2) and demonstrated that the disease can 
be controlled by the use of oil-impregnated paper wrappers which 
are capable of absorbing the odorous emanations from the fruit (8). 
Power and Chesnut (7) found that the odorous constituents of the 
apple are the amyl esters of formic, acetic, and caproic acids, with 
a small quantity of the caprylic ester and a considerable proportion 
of acetaldehyde, and demonstrated that acetaldehyde is a product 
of the metabolism of the fruit, suggesting that it might be one of the 
factors involved in the production of apple scald. 

Overholser, Winkler, and Jacob ( 6 ), studying the internal browning 
of Yellow Newtown apples, found that the disease is greatly reduced 
by ventilating the fruit and, during the early part of the storage 
season, is likewise reduced by wrapping the apples in oiled paper. 
They concluded that the disease is due to the accumulation of 
essential oils or similar deleterious substances which are produced 
by the apples in storage and that the internal browning of Yellow 
Newtown apples and apple scald are quite closely related with respect 
to cause. 

Thomas (9) studied the formation of ethyl alcohol and acetaldehyde 
in apples and found that acetaldehyde was produced in large quantities 
in certain mixtures of carbon dioxide and oxygen and that high 
concentrations of this substance were often accompanied by browning 
of the cells. 

The fact that acetaldehyde may occur normally and in relatively 
large quantities in apple tissues (7, 9) suggests at once the possi¬ 
bility of this substance being intimately related to certain nonparasitic 
diseases commonly found in stored fruits. 

The investigations here reported are the result of a study made 
upon the occurrence and accumulation of acetaldehyde as a toxic 


i Received for publication Sept. 30, 1927; issued January, 1928. 

8 Reference is made by number (italic) to “Literature cited,’' p. 992. 
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metabolite in pear tissue and its relation to the two physiological 
diseases known as pear scald and pear breakdown. 

Pear scald is the name applied to a brown or black discoloration 
of the outer tissues of the fruit. In early stages the disease is entirely 
superficial, but it progresses rapidly into the flesh at warm tempera¬ 
tures. The taste and odor of the fruit are characteristically dis¬ 
agreeable and sickening and can be detected in advance of the 
appearance of actual discoloration. 

rear breakdown or core breakdown is characterized by a brown 
discoloration and softening of the core tissues. The odor and taste 
noted in scalded pears is also characteristic of those affected with 
breakdown, and the two diseases frequently are associated in the 
same fruit. 

Both scald and breakdown have become factors of major 
economic importance in the handling of pears since the development 
of modem methods of refrigeration and of the modern commercial 
c ann ing industry, which involve the handling of pears in large quanti¬ 
ties. Scald does not occur on fruit ripened out at ordinary air 
temperature, but is prevalent on fruit held in cold storage for an 
extended period, malting its most rapid development after removal of 
the pears to a warm temperature. 

EXPERIMENTAL WORK 

IDENTIFICATION OF ACETALDEHYDE IN FEARS 

In order to determine whether acetaldehyde is normally produced 
in living pear tissue, examination was made of the emanating gases of 
the fruit without altering the structure of the pears. By so doing, it 
is reasonably certain that the materials collected were substances 
resulting from the vital activities of protoplasm, and acetaldehyde, 
if present, could not possibly be of secondary origin resulting from 
chemical treatments or extractive agencies. 

The method used in this study is a modification of the one described 
by Power and Chesnut (7). Twenty Bartlett pears were placed in 
a large glass jar provided with a sealed covering through which two 
glass tubes were inserted. One of the glass tubes reached to the 
bottom of the jar, the other to the top level of the pears. The air, 
which entered the vessel at the top, was first bubbled through a flask 
containing an alkaline solution of potassium permanganate and then 
through another flask containing concentrated sulphuric acid. The 
air passing out of the vessel was bubbled through a flask containing 
a saturated solution of sodium hydrogen sulphite. Air was drawn 
slowly through the system by means of an aspirator. This operation 
was allowed to proceed continuously for six days, at the end of which 
time the flask containing the sodium hydrogen sulphite solution was 
detached and the contents were made alkaline with sodium carbonate. 
This solution was then transferred to a distilling flask and distilled, 
the condenser and receiving flasks being cooled with ice. The dis¬ 
tillate so obtained had the characteristic odor of acetaldehyde, and 
when subjected to qualitative tests for acetaldehyde the results 
were always positive and conclusive. With Schiff’s reagent a pink 
color was quickly produced by the addition of a few drops of the 
distillate. It also reduced an ammoniacal solution of silver oxide, 
and acetic acid was formed when the distillate was oxidized with 
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chromic acid. Upon the addition of a few drops of strong sulphuric 
acid the pink color in Schiff’s reagent gradually disappeared, which 
indicated that formaldehyde was not present. This negative test 
for formaldehyde was further demonstrated by using the modifica¬ 
tion of the Rimini test described by Schryver (8), which failed to 
produce the magenta color which is obtained with very minute 
quantities of formaldehyde. 

The experiments above described present conclusive evidence that 
acetaldehyde is formed in metabolic processes of pears and that it is 
emanated in appreciable quantities. Qualitative tests indicate that 
acetaldehyde is the only aldehyde produced under these conditions, 
a fact which is in accord with the findings of Thomas ( 9 ) and Power 
and Chesnut (7) with apples. 

QUANTITATIVE ESTIMATION OP ACETALDEHYDE IN PEAR TISSUES 

If acetaldehyde production in pears is associated in any way with 
physiological diseases, a study of the residual aldehyde content of 
the tissues would be of importance as being indicative of conditions 
prior to and accompanying such disturbances. To determine this 
fact a quantitative study was made of the acetaldehyde in pears 
showing varying degrees of scald and breakdown. 

Material Used 

In the following experiments Bartlett pears were used throughout. 
These were picked August 12, 1926, and were placed immediately in 
cold storage. This date of picking represented the latter part of the 
harvest season at Peshastin, Wash., where the fruit for this work was 
obtained. 

Every effort was made to insure uniformity in the selection of 
material for investigation. In order to reduce to a minimum any 
variability which might be present in a given lot of fruit, only those 
pears which were borne on the same tree, harvested at the same 
time, and stored under the same conditions were used in this work. 
Samples for analysis were selected on the basis of fruits showing the 
same visible amounts of scald and breakdown. 

In obtaining composite samples for chemical analysis, from four to 
six pears were used. These were each cut into eight pieces, and 
samples of tissue from these portions were weighed. After weighing, 
the tissue was cut into smaller pieces and placed in a 500 c. c. dis¬ 
tilling flask. Care was taken to exclude carpel walls and seeds from 
samples, and all manipulations involving the handling of cut tissues 
were conducted as rapidly as possible. 

Method oe Analysis 

The quantitative method used in these experiments for determin- 
ing acetaldehyde is a volumetric measure of additive compounds 
formed when aldehydes combine with sodium hydrogen sulphite. 
The aldehyde was removed from the pear tissue by steam distillation. 
About 1,500 c. c. of water was placed in a large round-bottom pyrex 
flask, through the stopper of which passed a bent glass tube leading 
to the bottom of the 500 c. c. distilling flask containing the sample 
of pear tissue. The latter flask was connected with a splash trap 
ana thence to a Liebig condenser, which was cooled with ice water. 
The delivery tube of the condenser was passed through the stopper 
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of a large filteiing flask and dipped beneath the surface of 50 c. c. of 
standard sodium hydrogen sulphite solution. The outlet of this filter¬ 
ing flask was connected by a bent glass tube to another smaller filter¬ 
ing flask which also contained 50 c. c. of sodium hydrogen sulphite 
solution. This second flask was used only as a precautionary measure 
to retain any aldehyde which might escape from the first flask. Both 
these receiving flasks were cooled with ice. After the water began 
to boil vigorously the flask containing the sample was connected to 
the steam generator and splash trap and the distillation conducted. 
After 1 liter of distillate was collected, which required about 90 
minutes, it was found that all significant traces of acetaldehyde had 
been expelled from the pear tissue. The quantity of acetaldehyde 
present in the pear distillate was measured by titrating the sodium 
hydrogen sulphite in the receiving flasks against standard iodine, 
adding starch paste as an indicator. 

With this method it is essential that control determinations be 
made and that the iodine and sodium hydrogen sulphite solutions be 
restandardized each day because of the deterioration of these reagents. 

The results of quantitative studies made upon pears for acetalde¬ 
hyde content are presented in Tables 1 to 7, inclusive. The analyses 
shown in these tables are representative of a large number of deter¬ 
minations made upon fruits under the physiological conditions there 
described. Repeated experiments all showed the same trend, but 
the detailed results are omitted from this paper for the sake of brevity. 

ACETALDEHYDE IN NORMAL, SCALDED, AND BROKEN-DOWN PEARS 

Bartlett pears were removed from cold storage. One lot was sam¬ 
pled immediately and analyzed for acetaldehyde, and those remaining 
were held for four days in a room where a temperature of 15° to 18° C. 
was maintained. When these pears were removed from cold storage 
they were hard, green, and showed no evidence of scalding. After 
being held for four days at 15° to 18° the fruit began to turn yellow 
and showed varying degrees of scald, the amount of scald varying 
from 1 to 10 per cent of the surface of the fruit. Preceding and 
accompanying the appearance of scald the characteristic disagreeable 
taste and odor, described in the introduction, was noticeable. 

Table 1 shows the quantity of acetaldehyde present in sample 
tissue taken from the above-mentioned lots, expressed as milligrams 
of acetaldehyde in 100 gm. of fresh tissue. Composite samples were 
obtained from six pears of each lot. The acetaldehyde was deter¬ 
mined as described under “Method of analysis.” 


Table 1 . —Acetaldehyde content of normal Bartlett pears from cold storage and of 
similar pears four days after removal from storage 


Sample 

Description of sample 

i 

Acetalde¬ 

hyde 

in 100 guts, 
of fresh 
tissue 
(milli¬ 
grams) 

No. 1. 

Sound green pears from cold storage (no scald)__ 

0.3 

No. 2. 

Pears held for 4 days at 15° to 18° C., about 1 per cent of surface showing super¬ 
ficial scald. 

11.9 

No. 3. 

Pears held for 4 days at 15° to 18° C., about 10 per cent of surface showing super¬ 
ficial scald. 

17.4 
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The data presented in Table 1 show a rapid increase of acetalde¬ 
hyde during the four-day ripening period at 15° to 18° C., and during 
this time scald developed to the extent there recorded. 

At the end of the four-day period all fruits in these lots showed 
more or less scald, so that it was impossible to know whether acetalde¬ 
hyde would have increased to the same extent in fruits that remained 
free from scald upon removal from storage. 

In order to study this point, an entire box, containing 88 pears, 
was removed from cold storage. Six pears were taken for immediate 
sampling and the rest allowed to ripen at a temperature of 15° to 
18° C. for a period of seven days. At the end of this time about 
one-fourth of the lot remained free from scald, whereas the remaining 
three-fourths showed varying degrees of scald, the severity ranging 
from slight to complete browning. Samples for acetaldehyde deter¬ 
minations were selected before and after the seven-day period. 
Analyses of these fruits are given in Table 2. 

Table 2. —Acetaldehyde content of scalded Bartlett pears as compared with those 

free from scald 


Sample 

Description of sample 

Acetalde¬ 

hyde 

m 100 gms. 
of fresh 
tissue 
(milli¬ 
grams) 

No 1. .. 

Sound green pears from cold storage (no scald)_ 

0.3 

No. 2_ 

Pears ripened for 7 days at 15° to 18° C., remaining free from scald___ 

1.8 

No. 3. 

Pears ripened for 7 days at 15° to 18° C, showing about 5 per cent of surface 
scalded. 

10.5 

No. 4. 

Pears ripened for 7 days at 15° to 18° C , showing about 30 per cent of surface 
scalded. 

19.5 

No. 5.! 

Pears ripened for 7 days at 15° to 18° C., showing about 100 per cent of surface 
scalded.« 

33.7 


* These pears, in addition to complete scalding, also showed a discoloration of tne tissues about the core, 
typical of pear breakdown already described. 


The data from the foregoing tables present an interesting correla¬ 
tion between the accumulation of acetaldehyde and the development 
of pear scald. In Table 2 this relation is especially striking. Pears 
which remained free from scald at the end of the seven-day period 
showed a slight increase in acetaldehyde above that in the ones 
analyzed immediately after removal from cold storage. However, 
whenever scald appeared a very marked rise of acetaldehyde oc¬ 
curred, and the concentration of acetaldehyde increased with scald 
severity. 

As is noted above, pears in sample No. 5 showed evidence of break¬ 
down in addition to being completely scalded. In view of the fact 
that the tissue comprising this sample showed especially large 
quantities of acetaldehyde, it became important to investigate the 
presence of acetaldehyde in pears showing breakdown only. 

Table 3 presents analyses which are typical of a large number of 
determinations made upon sound and broken-down pears. In 
these experiments pears were allowed to ripen at room temperature, 
about 20° to 22° C., and were sampled when breakdown appeared, 
usually in about five days after removal from cold storage. 










988 


Journal of Agricultural Research 


Vol. 35, No. 11 


Table 3. —Acetaldehyde content of sound and broken-down Bartlett pear tissue 


Sample 

Description of sample 

Acetalde¬ 

hyde 

in 100 gms. 
of fresh 
tissue 
(milli¬ 
grams) 

No. 1. 1 

Sound hard pears from cold storage..... 

0.3 

No. 2. 

Soft ripe pears free from breakdown or scald.... _ __ 

3.1 

No. 3. 

Pears free from scald but showing breakdown at the core. 

23.8 





The same general results were obtained in all cases, regardless of 
whether composite samples from a number of fruits were analyzed or 
whether analysis was conducted on individual fruits. 

Additional confirmation of the evidence presented in Table 3 is to 
be found in Table 4. In these experiments the pears were removed 
from cold storage and kept at room temperatures for nine days. At 
intervals of three days, samples were taken for analysis. Care was 
taken to discard any fruits showing scald. 


Table 4. —Acetaldehyde accumulation in Bartlett pears during a nine-day ripening 

period at 20° to 22° C. 


Sample 

Description of sample 

Acetalde¬ 
hyde 
in 100 gm. 
of fresh 
tissue 
(milli¬ 
grams) 

No. 1 

Sound hard pears from cold storage_____ 

0.3 

No. 2 

Sound soft ripe pears 3 days after removal from storage...... 

3.8 

No. 3 

Pears held 6 days (no scald, but slight breakdown)._. 

i 14.1 

•NTn A 

Pears held ft c 9 days (no scald, but badly broken down)... 

28.1 



1 


The results in Table 4 clearly indicate a relation between acetalde¬ 
hyde content and the breakdown of pear tissues similar to that which 
has already been shown to exist between acetaldehyde content and 
pear scald. These results are in accord with the conclusions of 
Overholser, Winkler, and Jacob ( 6 ) in respect to the common origin 
of scald and internal browning of Yellow Newtown apples. 

If the accumulation of acetaldehyde in the tissues is a causative 
agent in producing both scald and breakdown of pears, the difference 
in the two disorders would then be merely one of location in the 
fruit. To study this further, pears were analyzed to determine the 
distribution of acetaldehyde in the tissues of fruits having both 
scalded surfaces and broken-down core areas. Samples were taken 
from four different regions in the fruit, namely, (1) the scalded skin 
surfaces, (2) normal tissue adjacent to the skin, (3) normal tissue 
adjacent to the broken-down core area, and (4) the broken-down core 
tissue. 

The scalded peelings were removed with a paring knife, weighed, 
and immediately distnled. No effort was made to remove the white, 
apparently normal, tissue which adhered to the skin. The second 
sample, which was comprised of normal cortex tissue, was removed 
at a depth of about 5 mm. around the entire pear. The third sample 
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also contained only the normal cortex tissue removed from an area 
about 5 mm. from the broken-down core tissues. In the fourth 
sample only browned or broken-down tissue was included, and this 
was carefully separated from the carpel walls before weighing. As in 
all previous determinations, seeds were excluded from the samples. 
The distribution of acetaldehyde in scalded and broken-down pears 
is shown in Table 5. 

Table 5. —Concentrations of acetaldehyde in localized areas of scalded and broken- 

down Bartlett pears 


Sample 

Description of sample 

Acetalde¬ 

hyde 

in 100 gms. 
of fresh 
tissue 
(milli¬ 
grams) 

No. 1. 

Scalded parings only____ ___ 

18.1 

No. 2. 

Sound white tissue of scalded and broken-down pears taken 5 mm. beneath skin. 

15.4 

No, 3. 

Sound white tissue adjacent to broken-down core tissue - _ 

15.7 

No. 4. 

Broken-down core tissue___ _ _ _ _ ; 

24.5 

No. 5. 

Parings only from normal pears_ ______ 

1.3 

No. G. 

Sound white tissue from normal pears....... 1 

.2 





An examination of Table 5 shows that acetaldehyde accumulation 
takes place at the points of injury, namely, in the skin and in tissues 
surrounding the core. Although the white, apparently sound tissue 
showed a fairly high acetaldehyde content, without visible evidence of 
injury, it is interesting to note that despite the possibility of loss of 
the volatile acetaldehyde through evaporation or exhalation, it was 
more concentrated in the scalded tissues of the outer surface of the 
fruit than in the apparently sound tissues beneath. In the broken- 
down tissues about the core opportunity for escape of acetaldehyde 
was much less, and in this region it became most concentrated. 

Analyses of sound pears indicated the presence of a very small 
quantity of acetaldehyde, but, as shown in Table 5, it is more con¬ 
centrated in the skin tissues than in the cortex. 

In each of the preceding experiments acetaldehyde was found in 
normal as well as injured tissues. Fruits fresh from cold storage had 
practically the same quantities in all cases. The results shown in 
Tables 2, 3, and 4 demonstrate that although the pears of sample 
No. 2 in each of these tables did not develop either scald or break¬ 
down at the end of 7, 5, and 3 days, respectively, there was a slight 
increase in acetaldehyde content. From this it might be suspected 
that acetaldehyde may accumulate in the sound tissues of pears that 
are allowed to ripen with free exposure to the open air. If so, the 
higher concentrations of acetaldehyde in scalded and broken-down 
tissues might be attributed to its accumulation in sound tissues until 
toxic limits are reached. 

To demonstrate this possibility, a study was made to determine 
the change in acetaldehyde taking place in pears from the time they 
were removed from cold storage until they had completely broken 
down. For this study, pears were allowed to ripen at room tempera¬ 
tures, 20° to 22° C., and samples were taken for chemical analysis 
at intervals during this time. Fruits showing visible evidence of 
scald or fungous decay were carefully excluded from the samples 
analyzed, The results of this experiment are shown in Table 6 t 
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Table 6.— Acetaldehyde content of Bartlett pears daring the period of ripening 


Sample 

Description of sample 

Acetalde¬ 
hyde 
in 100 gm. 
of fresh 
tissue 
(milli¬ 
grams) 

No. 1- 

Sound pears from cold storage _________ 

0.3 

No 2 

Pears held for 5 days at 20° to 22° C....-.. 

7.7 

No 3 

Pears held for 8 days at 20° to 22° C__ _ __ __ 

13.3 

No. 4. -- 

Pears held for 10 days at 20° to 22° C 1 ____J 

23.7 

No. 5 

Pears held for 25 days at 20° to 22° O 2 ... 

10.0 




1 All fruits showed core breakdown. 2 All tissues broken down; protoplasm completely disorganized. 


From the data shown in Table 6, it is evident that an increase of 
acetaldehyde accompanies the approach to senescence and reaches 
its maximum concentration when breakdown of the cells becomes 
apparent. After 25 days the tissues were completely broken down, 
and the acetaldehyde content decreased markedly. From the appear¬ 
ance of the fruit it was evident that the cells were dead. The pears 
were browned or blackened throughout, and when they were broken 
or cut open the juice exuded freely from the cells. The decrease of 
acetaldehyde shown in these tissues suggests that these dead cells 
are either incapable of producing acetaldehyde or unable to retain it. 

The progressive accumulation of acetaldehyde in normal pears 
when freely exposed to the air, as shown in this experiment, is not 
in agreement with the findings of Thomas (9) with apples. He did 
not find any appreciable increase of acetaldehyde in apples kept in 
air either at 1°, 15°, or 22° C. However, in all experiments con¬ 
ducted by the present writers with pears, increase in acetaldehyde 
accompanied the ripening process. The fact that apples ripen more 
slowly than pears may account for this difference in results. Pears 
ripen very rapidly when removed from cold storage and held at 
warm temperatures. Under these conditions of temperature, respira¬ 
tion proceeds at a rapid rate, and large differences in metabolic 
products may be measured in a comparatively short time. 

In order to study the influence of temperature on the rate of 
maturing and on the resulting acetaldehyde content of pears, a com¬ 
parison was made of sound pears taken from cold storage from time 
to time throughout the investigation. The cold storage referred to 
is a modem commercial plant, which maintains a temperature of 
about 0° C., and the temperature did not fluctuate more than 2° C. 
during the period of the present study. This comparison is presented 
in Table 7. 

It can be seen from Table 7 that pears held at 0° C. did not increase 
in acetaldehyde content from October 8 to October 30, during which 
time the ground color remained green. However, as they gradually 
matured in storage, as indicated in the change of ground color from 
green to yellow, the acetaldehyde content showed a gradual but 
significant increase. It can thus be concluded that acetaldehyde is 
produced in the respiratory activities of pears and accumulates in the 
tissues as they ripen. 
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Table 7. —Comparison of the acetaldehyde content of Bartlett pears removed from 
cold storage on different dates 

[After December 30, all pears began to show traces of scald] 


Date of removal 
from cold storage 

Description of sample 

Acetalde¬ 
hyde in 100 
gm. of fresh 
tissue (mil¬ 
ligrams) 

Oct. 8. 

Sound pears from cold storage. ... 

0.3 

Oct. 11. 

_do. .... w .. .. ... 

.3 

Oct. 12. 

.do..... 

.3 

Oct. 13... 

.do.... 

.2 

Oct. 30.... 

.do. 

.3 

Nov. 8.. 

Sound pears from cold storage (ground color changing from green to 
yellow). 

Sound pears from cold storage__ __ 

. 7 

Dec. 1-. 

1.3 

Dec. 13. 

i.do._. . .. 

2.5 

Dec. 30 _ 

!_do_ ..... . _ 

3.3 

1 


The chemical origin of acetaldehyde in living tissues has not as 
yet been definitely established. However, its close association with 
ethyl alcohol, as products of alcoholic fermentation (4, 5 ), suggests 
that the occurrence of these substances in plant tissues may in part 
be products of intramolecular respiration. Thomas (9) has demon¬ 
strated the presence of a zymase system in apples, this being active 
even though the air surrounding the apples contains large quantities 
of oxygen. Acetaldehyde and ethyl alcohol are among the inter¬ 
mediate or end products of this type of intramolecular respiration. 

If then, during the life of pears, conditions of environment are 
such as to stimulate the production of acetaldehyde, toxicity may 
result after certain limits of concentration have been reached. 

The presence of ethyl alcohol in pear tissues will be discussed in a 
later paper, 

TOXICITY OF ACETALDEHYDE TO PEAR TISSUES 

The toxicity of acetaldehyde to pear tissues can be demonstrated 
by placing fruit in contact with aldehyde gas. When placed in 
desiccators, over various concentrations of acetaldehyde, the pears 
soon develop a brown discoloration which markedly resembles the 
condition known as pear scald. This browning begins superficially, 
but gradually penetrates into the cortex until it reaches the core. 
The length oi* time required to produce the discoloration, and also the 
severity of the injury, depend upon the concentration of acetaldehyde 
to which the pears are exposed. Dilute solutions of acetaldehyde, 
when injected into the core cavity, cause the tissue in that area to 
turn brown in color and to have the appearance of typical breakdown. 

The term “browning,” as used throughout this paper, has reference 
only to visible results of injury. Browning of the tissues is a second¬ 
ary action brought about by oxidizing enzymes acting upon injured 
or dead cells and is produced only after injury or death of the cells 
has taken place. Therefore, acetaldehyde is merely the indirect cause 
of the browning, 

SUMMARY AND CONCLUSIONS 

Evidence obtained in the present investigation suggests acetalde¬ 
hyde as being a possible causative agent in the production of scald and 
breakdown in Bartlett pears. Although many workers have attrib- 
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uted the cause of these disorders to toxic products of metabolism, no 
definite work has been reported associating either pear scald or pear 
breakdown with the production or accumulation of acetaldehyde 
within the tissues. 

Analyses reported in this investigation show that acetaldehyde is 
always found in relatively large quantities in scalded and broken- 
down pears. In these experiments no pears containing more than 
14.0 mgm. of acetaldehyde in 100 gm. of fresh tissue, or 0.014 per cent 
of acetaldehyde by weight of fresh tissue, were found which did not 
show either scald or breakdown or both. 

A positive correlation was found to exist between the severity of 
scald and the concentration of acetaldehyde in the tissues. A 
similar correlation was also found between the severity of breakdown 
in the fruit and the concentration of acetaldehyde in the tissues. 

By analysis of pears showing both scald and breakdown, acetalde¬ 
hyde was found in greater quantities in the scalded skin tissues than 
in the apparently normal white tissues beneath. The highest 
quantity, however, was found in the broken-down core areas. This 
distribution suggests a localization or accumulation of acetaldehyde 
taking place in two distinct areas, namely, the core and the outer 
surfaces, and that when the concentrations of acetaldehyde reach a 
point of toxicity in these areas, browning of the tissues occurs. 

That acetaldehyde production is due to metabolic activities and 
is not necessarily a post-mortem phenomenon was demonstrated by 
the presence of acetaldehyde in the gases exhaled by sound pears, 
as well as by increasing quantities found in sound tissues during 
the period of ripening. 

The disagreeable taste and odor preceding and accompanying 
scald and breakdown are apparently due to acetaldehyde. In 
extreme cases it was possible to detect a distinct odor of acetaldehyde 
by simply cutting the affected fruits. 

The toxicity of acetaldehyde to pear tissues can be demonstrated by 
exposing the fruits to acetaldehyde gas or injecting dilute solutions in¬ 
to the tissues. It is possible that this effect may also be brought about 
with chemical substances other than acetaldehyde, which are present 
in pear tissues. However, it is doubtful whether these substances 
ever reach a concentration in pears sufficient to show deleterious 
effects. 
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WOUND PERIDERM FORMATION IN THE POTATO AS 
AFFECTED BY TEMPERATURE AND HUMIDITY 1 

By Ernst Artschwager 

Associate Pathologist , Office of Sugar Plants , 2 Bureau of Plant Industry , 
United States Department of Agriculture 

INTRODUCTION 

Largely because of its practical significance, the formation of 
wound cork in the potato tuber has been the subject of numerous 
investigations, and at present the factors governing its development 
are in general well understood. The present investigation had for 
its primary object the study of the effect of temperature on the suberi¬ 
zation process, since the only data available are those by Priestley 
and Woffenden, 3 who left cut tubers for 12 days at temperatures of 
15° and 25° C. and found that the rate of formation may be doubled 
when the temperature rises from 15° to 25° C. 

MATERIALS AND METHODS 

An extensive study of the relation of suberization and wound 
periderm in cut tubers to infection by Fusarium storage rots 4 afforded 
an opportunity to obtain quantities of material for a study of the 
effect of temperature and humidity on the wound-healing process. 
From the cut surface, after various intervals and exposures, tissue 
blocks were cut, usually about 5 by 15 by 10 mm., with the longest 
dimension traversing the vascular ring and extending into both cortex 
and inner phloem. This depth of block is sufficient to include all 
wound periderm that may be formed below a smooth cut. The 
material was fixed in ordinary chromo acetic acid and stained with 
an ammoniacal gentian violet. In preparing the stain it was found 
that the following procedure gave satisfactory results: 

To 70 c. c. of a 1 per cent gentian-violet solution in 80 per cent alcohol add 
gradually 30 c. c. of aqua ammonia. Stain for several hours or leave the material 
in the stain over night. Rinse in water and treat for a few seconds with an 8 
per cent HC1 solution; transfer to water and examine. 

It will be found that the suberized cells and old periderm retain 
the. violet stain; the remaining tissue, including the newly formed 
periderm, becomes colorless. 

SUBERIZATION OF THE CUT SURFACE 

The formation of wound periderm, as shown by Appel, 5 and later 
substantiated by Priestley and Woffenden, is preceded by a process 
of suberization of the cut surface. The rapidity with which this 
blocking off by a suberin lamella takes place depends largely on 


1 Received for publication Aug. 8, 1927; issued January, 1928. 

2 This paper reports work carried on while the writer was a member of the Office of Vegetable and Forage 

£) jh>3£LSGS 

2 Priestley, J. H„ and Woffenden, L. M. the healing of wounds in potato tubers and their 
propagation by cut sets. Ann. Appl. Biol, 10: 96-115, illus. 1923. 

4 Weiss, F., Lauritzen, J. I., and Bejerley, P. factors in the inception and development of 
fusarium rot in stored potatoes. [Unpublished manuscript.] _ ^ „ 

* Appel, O. zur kenntnis des wundverschlusses bei den kartoffeln. Ber. Deut. Bot. Gesell. 
24 : 118-122, illus. 1906. 
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environmental conditions, especially humidity and. temperature. 
If kept at low humidity the cut surface of the tuber will dry out and 
crack while the tuber itself shrinks from loss of water; at high 
humidity, however, suberization will proceed at a rate determined 
largely by the storage temperature. If the temperature is very low 
suberization will be greatly delayed, so that noticeable changes will not 
be observed in the cut surface even after a period of a week or 10 days. 
Ultimately, however, the surface will suberize. At high humidity 
and high temperature suberization bccomos noticeablo oven after 
the first day. It appears first in the outermost exposed cell layer. 
The walls in this region, as shown by the ammoniacal gentian-violet 
stain, retain a faint purple color, while the adjacent tissue is hyaline. 
As suberization progresses the coloration becomes more intense and 
at the same time the deeper-lying cells begin to retain the stain. 
The number of affected cell layers does not exceed two or three, and 
none of the varieties examined show the extreme depth of suberi¬ 
zation reported by Priestley and Woffenden for some of their material. 
Suberization appears to be quite uniform over the entire surface. 
Wherever vascular bundles are exposed in the cut, the blocking off 
may extend farther down than elsewhere; but this may bo an illusion, 
since the vascular tissue has a tendency to retain the violet stain, 
though less distinctly than the suberized cells, if the after treatment 
with HC1 is less prolonged. 

The rate of suberization for the Irish Cobbler and Russet Rural 
varieties is shown in Figures 1 and 2. In the Irish Cobbler variety 
the beginning of suberization may be seen after the eighth day at 
2H° C. Russet Rural at this time is still unsuberized. At 5° 
suberization in the Irish Cobbler appears after the fifth day and in 
Russet Rural only after the eighth. At 10° in both varieties suberi¬ 
zation is observed after the third day, at 15° after the second day, 
and at temperatures between 21° and 35° after only one day. In¬ 
crease in temperature from 21° to 30° appears to have no effect on 
the rate of suberization, but in several instances at 35° suberization 
was found to extend less deeply. At 10° C. and above, the different 
varieties appear to exhibit no noticeable differences in the rate of 
suberization. 

Olufsen, 8 in his extensive studies on wound periderm formation in 
the potato, states that moderate moisture is the most essential 
reqmrement for periderm formation; an excess of it plays a hindering 
r61e and causes cell proliferation. At the temperatures here em¬ 
ployed no unfavorable effect was observed at the highest humidities, 
which at the lower temperatures closely approached saturation. 

FORMATION OF THE WOUND PERIDERM 

Since suberization or an equivalent blocking-off process is pre¬ 
requisite to wound periderm formation, the factors governing the 
rate of suberization will also affect the second process. No peri¬ 
derm cells, were observed at a temperature lower than 7° C. within 
the duration of this experiment. At 7° the first periderm cells 
appeared in the Irish Cobbler.variety after the ninth day; in the 
Russet Rural and other varieties examined no cork cells appeared 

« Olufsen, L. tjntersuchungen ttBEit wundperidermbildung an kabtoffelknollen, Bot. 
Centbl., Beihefte 15: [269]~308, illus. 1903. 
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? ve ^-. 0 ^ tenth day. At 10° the first periderm cells appeared 
in Irish Cobbler after the fourth day, and in the other varieties 
after the sixth. At 15° periderm cells were seen after the third day, 
ajid at 21 and above after the second day, regardless of the variety. 
Once initiated, periderm formation proceeds rapidly at the higher 
temperatures, so that after the third or fourth day there are usually 
present several rows of new cells. (Fig. 3, A.) 



J2'/ 2 ° 7° 70° /S* 2/” 27° 

Fio. 1.—Suberization and periderm development in the Irish Cobbler variety 


EFFECT OF HUMIDITY ON SUBERIZATION AND WOUND 

PERIDERM 

Although at low temperatures variations in relative humidity 
produce less effect on the evaporation rate than at higher tempera¬ 
tures, an effect on the rate of suberization and periderm develop¬ 
ment is, nevertheless, noticeable. In tubers of the varieties Green 
Mountain, Spaulding Rose, and Russet Rural kept at 12° C. for six 
days at 64 per cent humidity, only the initial stages of suberization 
became evident; at 74 per cent humidity one or one and a half 
layers were suberized, and at 94 per cent humidity up to two 
layers were well suberized. Periderm formation, however, became 
evident only after the ninth day, and only in the third group, which 
had been kept at a humidity of 94 per cent. 
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At lower storage temperatures the effects are similar. At 6.5° C. 
and 70 per cent humidity, suberization was marked after a period of 
53 days, but no periderm developed. At 95 per cent humidity, how¬ 
ever, a well-developed periderm was noticeable. Different tubers 
often react differently. For instance, tubers of the Green Mountain 
variety, kept under identical conditions, showed the presence of a 
wound periderm in one case and its absence in another. No expla¬ 
nation can yet be offered for such irregularities, but their relation 
to infection of injuries despite apparently favorable conditions for 
healing is suggestive. 



°c 

Fig. 2 .—Suberization and periderm development in the Russot Rural variety 


In a cross section of the tuber the topography of the periderm 
surface is practically flat; it may extend slightly nearer the wound 
surface in the vascular ring, but the difference is insignificant. The 
central region may sometimes show a marked contrast, exhibited 
m fewer periderm layers which lie farther from the surface, and this 
is especially true if the central medulla is very large. If the medulla 
is small, that is, if the phloem groups extend practically to the center 
of the tuber, no such regional differences will be observed. When the 
xylem vessels are transected, the wound periderm layer is formed 
around but not through them. The vessels are, however, subject 
to blocking by deposits of gum, which extend but a short distance 
back from the cut. 
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Concomitant with periderm formation is the disappearance of 
starch from the cell layers next to the cut surface. It is of interest 
to note, however, that the protein crystals, found abundantly in the 
outer cortical cells, are not used up during this process. 


EFFECT OF TYPE OF INJURY ON WOUND PERIDERM 

While suberization and wound cork formation in cut and stab 
wounds follow the method given above, tubers from which the skin 



Fig. 3.—A, Wound cork formation in the Early Rose variety: op, old periderm; sp, suberizod 
parenchyma at surface of cut; top, wound cork; p, storage parenchyma. X 85. B, Wound 
cork formation m the Early Rose variety; tuber was injured by peeling off skin; peel removed 
smoothly: ps, peeled surface; sp, suberized parenchyma; wp, wound periderm; p, storage paren¬ 
chyma. X 85. C, Same as B, except that in peeling the surface was much abraded. Note 
that wound periderm is formed farther away from injured surface. X 85 

is peeled ox* which are injured by contusion show a different behavior. 
When young tubers are injured by blows, the young periderm cells 
are commonly crushed, while the older periderm shows little effect. 
(Fig. 4, C.) Typically there is an irregular development of periderm 
below the margin of the injury or wherever there is an actual break 
in the original periderm, but there is only slight or no development 
of periderm beneath the tissues which are merely crushed. (Fig. 4, 
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A.) It may happen that the wound periderm is formed in several 
tiers with crashed necrotic parenchyma cells intervening. 

Tubers injured by peeling off the skin respond readily with the 
development of an extensive periderm. When the peel is removed 



Fig. 4.—A, Deep-seated wound periderm formation in tuber injured by blows. X 85. B, Super¬ 
ficial wound cork formation in tuber injured by peeling off the skin smoothly, x 85 . C, Young 
tuber injured by blows; the young periderm cells are crushed, whereas the old periderm cells are 
not harmed. X 85 


smoothly, the new periderm cells develop within one cell layer of the 
surface (fig. 3, B, and fig. 4, B), whereas if the surface is much 
abraded, a deeper-seated periderm results (fig. 3, C). 



SOME RELATIONS OF THE PHOSPHOLIPINS IN SEEDS 
TO OTHER CONSTITUENTS 1 

By N. B. Gtjeerant 2 

Associate Chemist, Department of Agricultural Chemical Research, Oklahoma 
Agricultural Experiment Station 

INTRODUCTION 

Since phosphorus containing lipoid substances is so universally 
presentin plant tissues, and is so commonly found in those parts of 
plants in which the vital phenomena are most pronounced, it is 
evident that it plays an important rdle in the life processes of those 
tissues. Many theories have been put forward to explain its func¬ 
tion. Overton (&8), 3 for example, in 1901, presented the theory 
that each living cell is surrounded by a semipermeable membrane 
consisting of lipoid material, which regulates the passing into and 
out of the cell of substances necessary for metabolism and growth. 
However, present knowledge of colloidal substances indicates that 
Overton's lipoid membrane is not essential to a proper explanation 
of the migration into and out of the cell protoplasm of nutritious 
substances. 

Other investigators have cited experimental results which appear 
to indicate that these lipoid substances play a very important role 
in the process of fat metabolism. Bang (5) has pointed out that 
the lipoids are probably the most labile of all the constituents which 
compose the colloidal system known as plant protoplasm, and, by 
virtue of this property, play an exceedingly important part in the 
metabolic processes. The same labile character which apparently 
makes them so important in the chemical changes in the plant tissue 
makes them equally unstable compounds with which to work. For 
this reason pure preparations for investigational purposes are very 
difficult to obtain, and as a result there is as yet no definite and 
certain knowledge of what their functions are. 

REVIEW OF LITERATURE 

The presence of phospholipins in plants was probably first observed 
by Knop (18), who isolated from certain plant tissue fatty extracts 
which contained phosphorus. This observation was confirmed the 
following year by Topler (&£)• A few years later Hoppe-Seyler (IS) 
isolated from peas a fatty substance very similar in nature to egg 
lecithin. Heckel and Schlagdenhauffen (14) showed that the phos¬ 
pholipins were of general occurrence in plants. The first definite 
proof of the similarity of these substances to lecithin was given by 
Jacobson (17), who showed that one of the decomposition products 
of these phospholipins was choline. Shortly afterwards Schulze and 


1 Received for publication Aug. 24, 1927; issued January, 1928. Published with the permission of the 
Director of the Oklahoma Agricultural Experiment Station. 

2 The writer wishes to thank Dr. 0. T. Dowell, Prof. H. P. Murphy, Dr. V. G. Heller, and Prof. W. D. 
Gallup for their cooperation in the course of these investigations. 
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Likiemik {27) obtained from seeds lecithinliko substances, which, 
when hydrolyzed, gave fatty acids, glyccrophosphoric acid, and 
choline, and for a time it was believed that the only phospholipin 
present in plants was lecithin. But further investigation soon re¬ 
vealed the presence of phospholipins other than lecithin. 

The investigations along this line have consisted essentially in the 
extraction of the fatty substances from the plant tissues with various 
solvents and estimating the phosphorus in the fatty extract. The 
amount of lecithin present was calculated from the phosphorus thus 
obtained. To pier {24) extracted several .varieties, of seeds with ether 
and estimated the percentage of lecithin by this method. A few 
years later Beyer (7) and Jacobson {17) demonstrated that ether was 
unsuitable for the quantitative extraction of these substances. 
Schulze and Steiger {28) showed that more complete extraction could 
be obtained by using both ether and alcohol in the extraction process. 
A number of quantitative estimations were carried out, using the 
ether-alcohol extraction method, by Schulze and Steiger {28), Bitt6 
{9), Stutzer {80), and others {81). The accuracy of such a method 
would necessitate the complete extraction of the phospholipins, and 
the extraction of no other phosphorus-containing substance. Bitt6 
{8) criticized Schulze and Steiger’s ether-alcohol extraction on the 
basis of incompleteness. Schulze {26) maintained that Bitto’s 
criticism had but little weight, since materials which had been ex¬ 
tracted by this method retained only traces of lipoid phosphorus. 
Later {26) he stated that it was not certain that cold alcohol would 
completely extract the phospholipins from plant material, but to 
guard against decomposition he recommended the maintenance of 
the extraction temperature under 60°. From time to time other 
investigators have adopted slight modifications of the above method. 
Results obtained by these methods give but a general idea of the 
phospholipin content of the substances examined, and are not to be 
regarded as absolute. 

While no perfectly reliable method for the estimation of the plant 
phospholipins has as yet been evolved, results obtained by different 
investigators indicate that the leguminous seeds contain considerably 
more of these substances than do the cereal grains. 

A number of attempts have beeu made to establish a relationship 
between the amounts of phospholipins in seeds and some of the other 
constituents. Schulze and Likiernik {27) and Schulze, Steiger, and 
Maxwell {29) found that the phospholipins varied directly with the 
protein content. This observation was later confirmed by other in¬ 
vestigators. Parrozzani {28) made observations which led him to 
believe that the ratio is more definite with the amide nitrogen than 
with the total protein. 

Thus it is apparent that the available information concerning the 
plant phospholipins is very meager, especially that which relates to 
function in the life processes of the plant. 

The investigations herein reported were made for the purpose of 
(1) ascertaining the relative amounts of phospholipins in various 
seeds and determining the relation of the phospholipins to the ash, 
protein, fat, and total phosphorus present in the seeds; (2) to ascer¬ 
tain the relation of the phospholipin content to the ash, fat, protein, 
and phosphorus content at different stages in the development of 
the seeds; and (3) to ascertain the effect of gennination on the com- 
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position of the seeds. The investigations were applied to the seeds 
of the grain sorghums in particular, since this group offers a closely 
related series when considered from the botanical standpoint, yet 
one whose members differ in color, size, chemical composition, and 
nutritive properties. 

EXPERIMENTAL METHODS 

For the first group of experiments 60 samples of seeds, representing 
different varieties of corn, beans, peas, wheat, grain sorghums, and 
others were secured from the agronomy department. The only data 
available concerning these seeds were the name of the variety and the 
year in which it was grown. The seeds when obtained were clean, 
dry, and in a good state of preservation, being free from molds, weevil, 
dirt, and other contaminations. From 150 to 200 gm. portions of 
each variety were ground in a small hand mill, until the total material 
passed through a 60-mesh sieve. After grinding, the samples were 
exposed to the atmospheric conditions of the laboratory for a time, 
mixed thoroughly, and preserved in glass containers. Moisture 
determinations were made upon each sample previous to the analysis. 
This determination was made by drying a 2 gm. sample to constant 
weight in an electric oven at 100° to 102° C. 

The ash determination was made by incinerating a 2 gm. sample 
to dull red heat in an electric muffle. Nitrogen was determined 
by the Gunning modification of the Kjeldahl method. Protein was 
calculated by multiplying the nitrogen thus obtained by the conven¬ 
tional factor 6.25. The use of this factor induces a source of error, 
as it has been found that it varies with the different seeds. But 
since the factors for all the seeds involved have not been definitely 
established, and since most of the available data concerning the 
protein of these seeds have been obtained by this factor, it was used 
in this investigation. The fat, more properly termed “ether extract, ” 
was determined by extracting a 2 gm. sample of the dry material 
with anhydrous ether in a continuous extractor for 16 hours and 
noting the loss in weight of the sample. 

The total phosphorus was estimated according to the method of 
the Association of Official Agricultural Chemists for the estimation 
of phosphorus in plant constituents (£). The results are expressed 
as phosphorus in order to permit a more direct comparison with the 
results obtained in the phospholipin determination. 

The phospholipins were estimated by extracting the dry seeds 
with an ether-alcohol mixture, and estimating the phosphorus in 
the extracted material by the microcolorimetric method (l2). The 
material was dried in an electric oven for two hours at a temperature 
of 100° to 102° C. before weighing out the sample. 

Several modifications of the former procedure were made in accord¬ 
ance with the type of seeds under investigation. The amount of 
solvent varied from 50 to 250 cubic milliliters per gram of material, 
depending upon the fat content of the particular seed. After the 
tightly corked extraction tubes had been shaken vigorously for 
10 minutes, they were placed in a warm bath maintained at 30° C., 
where they remained for two hours. At the end of this time the 
tubes were again shaken and allowed to settle. Phosphorus was 
determined in aliquots of the supernatant liquid. This determination 
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was performed in sets of 10 each, and usually three or four standards 
of different concentration of phosphorus were carried along simul¬ 
taneously. No comparisons were made in which the standard 
differed more than 30 per cent from the unknown solution. For 
example, when a standard was set at 20, the reading of the unknown 
fell between the limits of 14 and 20. The results are expressed as 
percentage of phosphorus in the dry materials. 

For ease of study and interpretation, the results of the analyses, 
when possible, have been grouped according to the various types of 
seeds and presented in table form. All determinations were made in 
duplicate or triplicate, and repeats made until consistent agreements 
were obtained. The data presented are the average values obtained 
by this method. 

EXPERIMENTAL DATA 

RELATION OF THE PHOSPHOLIPINS TO THE ASH, PROTEIN, FAT, AND TOTAL 
PHOSPHORUS IN VARIOUS SEEDS 

The constituents of the grain sorghum seeds determined on a 
dry-matter basis are shown in Table 1. In considering the data 
here presented, a considerable variation in the percentage of the 
several constituents is noted. These variations are not limited to 
the different varieties of seeds, but occur in different samples of the 
same variety. Such findings indicate that the composition of a seed 
depends, at least to some extent, upon factors other than type and 
variety. It is common knowledge that both soil and climatic con¬ 
ditions have a definite effect upon the ash, protein, and phosphorus 
content of many seeds. The effect of these factors upon the fat and 
phospholipin in a given type of seed have not as yet been definitely 
established, but it stands to reason that these two components 
would be augmented, more or less, by the same factors. If the 
variations in soil composition and climatic conditions do not explain 
the discrepancies in the data presented, then we have no explanation 
to offer. 

A number of investigators have determined the percentage of 
lipoid phosphorus in various seeds, multiplied these values by a 
factor, and designated the products as tho percentage of lecithin in 
the seeds. Such a procedure must be based upon two assumptions: 
(1) That lecithin is the only phospholipin in such seeds, and (2) 
that lecithin has a constant composition. Both of these assumptions 
have been proved to be false, for phospholipins other than lecithin 
are known to exist in seeds, and purified lecithin from various seeds 
has been found to contain various percentages of phosphorus. This 
variation is readily understood when we consider tho complox molec¬ 
ular structure of this substance and the possibility of its forming 
conjugated products with other substances. This discrepancy in the 
percentage of phosphorus may be explained in several ways. First, 
by any variation in the molecular weight of the fatty acids which 
compose the lecithin molecule. Any increase in molecular weight 
would result in a decrease in the percentage of phosphorus, while a 
decrease in molecular weight would have the opposite effect. Such 
variations in the fatty acids are frequently found in the more familiar 
glycerol esters or fats. For this reason, this type of phospholipins 
should not be classed as a single substance but as a class of substances 
having many possible members. A second explanation of this devia- 
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tion may be found in the fact that the phospholipins are frequently 
found conjugated with other substances, which results in a marked 
increase in molecular weight and consequently a decrease _ in the 
percentage of phosphorus. For example, a number of investigators, 
on finding their purified product to contain less than the theoretical 
percentage of phosphorus, subjected it to hydrolysis and obtained 
therefrom one or more molecules of carbohydrate. A third explana¬ 
tion lies in the fact that the complex substances such as the phos¬ 
pholipins are exceedingly difficult to purify and yet more difficult 
to preserve in a stable form after purification. Consequently the 
variation in the phosphorus content may be due to contamination or 
to products of disintegration of the originally pure substance. The 
contaminating substance may be phospholipin of different molecular 
structure than that of the lecithins, or it may be a nonphosphorus- 
containing substance. 


Table 1. —Percentage of ash, protein, fat, total phosphorus, and lipoid phosphorus 
in seeds of the grain soi'ghums, determined on a dry-matter basis, 1924 to 1926 


Seeds used 

Sam¬ 

ple 

No. 

Year 

Ash 

Protein 

. 

Fat 

Total 
phos- 
t phorus 

Lipoid 

phos¬ 

phorus 





i 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 



1 

1924 

; 1.87 

12.56 

3.12 

0.240 

0.0310 

Darso_-. 


20 

1925 

2.00 

11.94 

3. 35 

.227 

.0353 


66 

1926 

1.53 

13. 28 

3.70 

.258 

.0392 



72 

1926 

2.12 

11.88 

2.76 

.249 

.0372 



2 

1924 

1.72 

12.66 

3. 21 

.183 

.0420 

Red kafir... 


18 

1925 

1.87 

9.56 

2.24 

.179 

.0436 



64 

1926 

1.55 

11.72 

3.24 

.201 

.0452 


3 

1924 

1.88 

12.44 

3.59 

.214 

.0330 

White kafir... 


12 

1925 

1.74 

12.35 

2.73 

.205 

.0456 



73 

1926 

1.81 

12.15 

3.11 

.218 

.0356 

White milo. 


4 

1924 

2.12 

12.37 

3.08 

.253 

.0360 


16 

1925 

2.22 

12.06 

2.39 

.214 

.0370 


5 

1924 

1.68 

12.94 

3.73 

.288 

.0260 

Feterita. 


13 

1925 

1.75 

12.50 

2.67 

.310 

.0356 


67 

1926 

1.63 

14.47 

2.71 , 

.323 

.0356 



15 

1925 

2.17 

10.83 

2.12 i 

.253 

,0420 

Yellow milo__.. 


71 

1926 

2.29 

10.50 

2.53 

.266 

.0454 


74 

1926 

2.14 

12.56 

2.90 

.253 

.0505 

Sorgo. 


14 

1925 

1.85 

11.94 

2.36 

.214 

.0372 

r 

17 

1925 

1.94 

13.91 

2.74 

.192 

.0328 

Reeds kafir.-. 

1 

70 

1926 

1. 60 

11.25 

3.10 

.227 ! 

.0336 

Sorghum. -..... 

« 19 

1925 

2.49 

12.65 

3.35 

.210 

.0396 

Common kafir.. 

{ 

21 

65 

1925 

1926 

1.72 

1.57 

9.19 

12.66 

2.70 

3.02 

.201 

.340 

.0356 

.0360 

Hegari... 

68 

1926 

1.26 

12.94 

3.53 

.297 

.0364 

Sunrise kafir. 


69 

1926 

i 

1.64 

11.75 

3.37 

.345 

.0354 


« This variety -was not identified. 


Thus it is apparent that any attempt to express the phosphorus- 
containing lipoid substances extracted ^ from seeds or any other 
organic tissue as a single substance is without justification. Conse¬ 
quently, in this investigation the lipoid phosphorus extracted from 
the seeds has been estimated and this value has been designated as 
phospholipins. Lipoid phosphorus and phospholipins are to be con¬ 
sidered synonymous so far as this investigation is concerned. It is 
true that the two terms designate entirely different substances, but 
in this case they bear a direct relationship to each other. And since 
this relationship has not been definitely established for the various 
phospholipins nothing can be gained by multiplying by an arbitrary 
factor, and a higher degree of inaccuracy results. 
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Considering the above facts, the values submitted are not to be 
considered as absolute but as indices of the relative amounts of 
pbospholipin in these seeds. 

It was thought that the pbospholipin content of a given type of 
seed is always constant, regardless of the several factors which might 
affect the seeds during growth. Howovor, this does not appear to be 
the case when the values obtained from the 26 samples of grain- 
sorghum seeds are considered. 

Sin ce, the actual amounts of those substances in tho_seeds examined 
are comparatively small, the magnitude of the variations becomes 
apparent only when the percentage variation between the different 
values is considered!. When this is done the percentage variation 
between the maximum and minimum values is found to range from 
0 to about 96 per cent—a fact which is unexplainable at the present 
time. The phospholipin of this class of seeds does not appear to bear 
any definite relationship to any of the other constituents estimated. 

Table 2 gives the analysis of six varieties of corn. It is to be 
noted that the phospholipin content of theso six samples, while fairly 
constant, is much less than that in the grain-sorghum seeds. This 
fact indicates at once that the phospholipin content of seeds is at 
least not always proportional to the protein content. And since tho 
fat content of the corns is higher than that of the grain sorghums, 
there is no apparent relationship between phospholipin and fat con¬ 
tent, at least in this particular case. Phospholipin content appears 
to be independent of the color of the seeds examined. 


Table 2 . —Percentage of ash , protein , fat , total phosphorus , and lipoid phosphorus 
in seeds of corn of different varieties; determinations on air-dry matter, 1085 


Variety 

Sample 

No. 

Ash 

Protein 

Reids Yellow Dent.... 

22 

Per cait 
1.53 

Per cent 
12.18 

Silvermine. 

23 

1.29 

10.28 

Gehu. 

24 

1.54 

14.18 

St. Charles White.. 

25 

1.16 

10.18 

Bloody Butcher.-. 

26 

1.35 

10.47 

Pop corn... 

48 

1. 60 

11.50 


Fut 


Per cent 

4. on 

4.12 
4.24 

3. M 

4, 48 
4. 75 


Total 

Lipoid 

phos¬ 

phos¬ 

phorus 

phorus 

Per cent \ 

Per cent 

0.214 i 

0.0164 

. 205 

.0142 

.201 

.0130 

. 183 

. 0134 

. 196 

.0145 

.179 

.0143 


Table 3 contains the analysis of five samples of at least four 
varieties of wheats. The composition of this class of seeds resembles 
that of the grain sorghum seeds in many respects. 

Table 3 .—Percentage of ash, protein,_ fat, total phosphorus, and lipoid phosphorus 
in seeds of wheat of different varieties; determinations on air-dry matter, 19ZG 


Variety 

Sample 

No. 

Ash 

Protein 

Fat 

Total 

phos¬ 

phorus 

Lipoid 

phos¬ 

phorus 

Kanred.. 

38 

39 

40 

41 
10 

Per cent 
1.93 
1.81 
1.88 
2.03 
1.74 

Per cent \ 
11.94 
12.50 
11.38 
14.10 
12.35 

Per cent 
2.26 
1.81 
2.34 
2.19 
2.24 

Per cent 
0.314 
.262 
.279 
.310 
,279 

Per cent 
0.0321 
.0332 
.0312 
.0291 
.0272 

Harvest Queen. 

Turkey Red. 

Black Hull.. 

Wheat?. 
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Table 4 contains the analysis of a number of different varieties of . 
beans. ^ It will be readily observed that the percentage of phospho- 
lipins in this class of seeds is very much higher than in any of the 
seeds previously mentioned. This high phospholipin content appears 
to bear some relation to the high protein content of these seeds. No 
similarity can be observed between the phospholipin and either the 
ash or total phosphorus content. 


Table 4. —Percentage of ash, protein, fat, total phosphorus, and lipoid phosphorus 
in beans of differeni varieties, determined on a dry-matter basis, 1925 


Variety 

Sample 

No. 

Ash 

Protein 

Fat 

Total 

phos¬ 

phorus 

Lipoid 

phos¬ 

phorus 

Mung bean. 

6 

Per cent 
4.90 

Per cent 
26.12 

Per cent 
n_ 13 

Per cent 
0.389 

Per cent 

0.1050 

Soy?r. 

7 

4.93 

35.25 : 


18.42 

.445 

. 1580 

Soy Midwest.-... 

34 

5.25 

35.91 ! 


23.12 

.389 

.1025 

Soy Manchu..... 

35 

4.80 

38.03 


22.66 

.445 

.0968 

Soy Wilson-.. 

27 

! 3.74 

32.78 


17.82 

.332 

.0944 

Soy Morse... 

33 

4 98 

35.26 


9.46 

.419 

.0780 

Velvet Georgia. 

36 

2. 66 

24.35 


6.05 

.402 

,0832 

Velvet Tracys. 

37 

2.88 

24.53 


5.19 

.389 

.0834 

Velvet?. 

8 

2.52 

28.10 


10.22 

.419 

.0790 

Navy bean.-... 

49 

3.48 

23.85 


1.85 

.244 

.0452 




The analysis of peas of five varieties is shown in Table 5. The 
composition of this type of seeds appears to be very constant, so far 
as the several constituents determined are concerned. The percent¬ 
age of phospholipin present is slightly less than that found in the bean 
family, but is much greater than that in either grain sorghum, corn, 
or wheat. 


Table 5. —Percentage of ash, protein, fat, total phosphorus, and lipoid phosphorus 
in peas of different varieties, determined on a dry-matter basis, 1925 


Variety 

Sam¬ 

ple 

No. 

Ash 

Protein 

Fat 

Total 

phos¬ 

phorus 

Lipoid 

phos¬ 

phorus 

Black eye. 

28 

Per cent 
3.21 

Per cent 
25. 60 

Per cent 
2.02 

Per cent 
0.266 

Per cent 

0.0784 

Whippoorwill... 

29 

3.59 

25.81 

1.56 

.314 

.0733 

New Era.... 

31 

3.49 

29^40 

24.41 

2.20 

.279 

.0784 

Scotch..... 

30 

3.23 

1.45 

.288 

.0723 

Golden Vine.-.. 

32 

3.70 

29.87 

1.17 

.310 

.0776 



Table 6 contains the percentage of the various constituents in a 
number of miscellaneous seeds. The point of interest in this table is 
the fact that cottonseed, Which contains the greatest amount of phos¬ 
pholipin, shows less protein and less fat than the peanut seed. This 
again reminds us of the difficulty encountered in attempting a correla¬ 
tion between the various components of a given seed. 
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Table 6. —Percentage of ash, -protein, fat, total phosphorus, and lipoid phosphorus 
in several different kinds of seeds, determined on a dry-matter basis, 1925 


Seeds used 

Sample 

No. 

Ash 

Protein 

Fat 

Total 

phos¬ 

phorus 

Lipoid 

phos¬ 

phorus 


9 

Per cent 
2.15 ! 

Percent 

33.93 

Per cent 
48.05 

Per cent 
0.332 

Per cent 
0.0880 

Cottonseed __-_-_------- 

11 

4.78 I 

23.50 

25.20 

.470 

.145e 

Hanna barley -- ____ 

42 

2. 08 

13.12 

1.80 

.275 

.0442 

Russian Green oats _-------- 

43 

2.15 

13.00 

4.27 

.200 

.0388 

TCanota nats ____ __ ___ 

44 

2.31 

13.50 

3.83 

.258 

.0348 

German millet__________ 

45 

4.34 

10.87 

3.32 

.157 

.0168 

Timothy_. _________ 

40 

5.34 

15.00 

3.03 1 

.332 

.0431 

Clover..--_-------_-----__-_ 

47 

4.32 

35.19 

5.42 

.271 

.0506 








Table 7 contains the average composition of the several types of 
seeds examined, arranged in the order of increasing phospholipin 
content. It is evident from this table that there is no relationship 
between phospholipin and ash content of various seeds. There 
appears to be a slight correlation between the phospholipin contont 
ana each protein, fat, and total phosphorus content of the various 
classes of seeds examined. This correlation, while more striking 
between the protein content than between the other constituents', 
does not appear to be always present. A further attempt at such a 
correlation should be made on a larger number of samples of different 
types of seeds grown upon the same typo of soil and under similar 
climatic conditions. Such an investigation would eliminate two 
variable factors, which without a doubt havo had a profound effect 
upon the results obtained in this group of experiments, namely, soil 
and climatic conditions. 

Table 7. —Average composition of the several types of seeds examined arranged in 
the order of increasing phospholipin content 


Seeds used 


Com. 

Millet. 

Wheat. 

Oats... 

Grain sorghums 

Timothy. 

Barley. 

Clover. 

Peas. 

Peanut. 

Beans. 

Cottonseed. 





Composition 


Number 
of sam¬ 
ples ex- 

Number 
of vari¬ 
eties ex- 

--- 



Total 

Lipoid 

arnined 

amined 

Ash 

Protein 

Fat 

phos¬ 

phorus 

phos¬ 

phorus 



Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

6 

0 

1.42 

11.47 

4.34 

0.390 

0.0144 

1 

1 

4.34 

10.87 

3.32 

.157 

.0368 

5 

4 

1.88 

12.45 

2.17 

.289 

.0300 

2 

2 

2.23 

13.31 

4.05 

.262 

.0368 

26 

12 

1.85 

12.12 

2.98 

.245 

.0378 

1 

1 

5.34 

15.60 

3.63 

.332 

.0431 

1 

1 

2.68 

13.12 

1.80 

.275 

.0442 

1 

1 

4.32 

35.19 

5.42 

.271 

.0506 

5 

5 

3.44 

* 27.02 

1.68 

.292 

.0760 

1 

1 

2.15 

33.93 

48.05 

.332 

.0880 

10 

8 

4.01 

30.42 

12.59 

.387 

.0926 

1 

1 

4.78 

23.50 

25.20 

.470 

. 1450 


RELATION of the phospholipins to the ash, protein, pat, and total phos¬ 
phorus IN SEEDS OP GRAIN SORGHUMS AT DIFFERENT STAGES OP MATURITY 


The investigations of Schulze and Frankfurt (26) led them to 
believe that unripe seeds contained much less phospholipins than ripe 
seeds. On making a study of the composition of corn and bean T seeds 
at different stages of growth, Andrd (1) found that the total nitrogen 
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in the dry matter increased as maturity approached, but the percent¬ 
age of both ash and nitrogen decreased. Andre (2) found also that 
the amount of ash in lupine and haricot seeds increased with maturity, 
but the actual percentages decreased, while there was a definite 
increase in both the amount and percentage of phosphoric acid. 
Further investigations by Andre (3 ) led him to believe that the 
transformation of nitrogen during maturation is the reverse of that 
during germination. Zaleski (34) observed an increase in protein 
phosphorus with a corresponding decrease in phosphoric acid as the 
seeds approached maturity. The lipoid phosphorus remained practi¬ 
cally unchanged. McClenahan (20) made a very complete study of 
the fatty substances of the black walnut at various stages of growth 
and the results obtained indicated a definite decrease in the phos- 
pholipin content with the approach of maturity. 

From the examples cited, it is evident that there is a lack of agree¬ 
ment concerning the effect of the stage of maturity upon the phos¬ 
pholipin content of seeds. No satisfactory explanation of these 
discrepancies is available. One possible explanation is that the 
variation in the phospholipin of seeds at successive stages of growth 
differs with the particular seeds investigated. Analyses were there¬ 
fore made to ascertain the relation of the phospholipin content of the 
seeds of certain members of the grain-sorghum family to the ash, 
fat, protein, and phosphorus content of the respective seeds at various 
stages of development. 

Twenty-one samples, representing seven varieties of grain sorghums, 
were used. These samples were obtained from the agronomy depart¬ 
ment and had been grown simultaneously upon adjoining .plots, on 
similar soils, and under similar climatic conditions. The three stages 
at which the seeds were gathered are designated as milk, dough, and 
mature. Since the head of the grain-sorghum plant does not ripen 
uniformly from base to apex, only such portions of each head were 
selected as would fall in each of these stages. Thus, samples were 
obtained which better represented the different stages of maturity 
of the different varieties than could have been procured by taking the 
whole heads of seeds from fewer plants. As soon as the samples were 
collected they were taken to the laboratory where they were freed of 
hulls, stems, and other adhering material. Two 100 gm. portions 
of each sample were weighed, placed in glass containers without tops, 
and dried at room temperature. When dry, the seeds were ground 
in a small hand mill until the total mass passed through a 60-mesh 
sieve, and then stored in glass containers until the desired analysis 
could be made. 

To ascertain the moisture content of the freshly picked seeds, 
duplicate 10 gm. samples were placed in moisture dishes and dried to 
constant weight in an electric oven at 100° C. It was found that the 
average percentage of moisture in the fresh seeds in the milk, dough, 
and mature stages was 52, 40, and 29, respectively. The moisture 
content of each sample of the air-dry material was determined just 
before the analysis. 

The procedure and methods of analysis were the same as those em¬ 
ployed in the first group of experiments. 

The results of the analyses have been arranged in tabular form to 
facilitate comparison. (See Tables 8 and 9.) The figures given 

78040—27- 1 
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represent the average values obtained by two or more consistent 
determinations. Table 9 contains the same data as Table 8, except 
that the determinations have been made on the basis ol the original 
material. 


Table S.—Percentage of ash, protein, fat, total phosphorus , and lipoid phosphorus 
in sorghum seeds at different stages of maturity, deter mimed on a dry-matter basis 


Seeds used 

Sample 

No. 

Stage 

Dry 

matter 

Ash 

Protein 

Fat 

Total 

phos¬ 

phorus 

Lipoid 

phos¬ 

phorus 


50 

Milk. 

Percent 

42.0 

Per cent 
2.43 

Per cent 
11.78 

Per cent 
2.36 | 

Per cent 
0.156 

Per cent 

0.0261 

Bed kafir___ 

57 

Dough. 

56. 5 

1.87 

11.32 

2.87 

.382 

.0300 


64 

Mature. 

74.2 

1 55 

11.72 

3.24 

.200 

.0452 


' 51 

Milk. 

50.0 

2.11 

32.07 

1.94 

. 286 

.0300 

Common kafir_,_ 

58 

Dough. 

66 5 

1.71 

12.00 

2.46 

. 317 

.0328 


65 

Mature. 

70.5 

1.57 

12.65 

3.02 

.343 

. 0360 


52 

Milk. 

46.5 

2.54 

11,82 

1.50 

.129 

.0271 

"n>^r«n 

59 

Dough _- 

57.8 

1.97 

13.28 

2.57 

. 190 

.0284 


66 

Mature. 

72.5 

1.53 

13.28 

3.70 

.255 

. 0392 


53 

Milk. 

53.4 

2.52 

13.75 

1.86 

. 238 

. 0198 

Spur fetorita_ 

GO 

Dough. 

58.1 

1.89 

13.78 

1.94 

. 247 1 

.0217 


67 

Mat ui 0. 

72.0 

1.63 

14.47 

2.71 

.323 

. 0356 


54 

Milk. 

42.6 

2. GO 

11.41 

1.60 

.247 

. 0219 

HegarL. __ 

01 

Dough. 

54.2 

1.82 

12.66 

2.66 

.249 

. 0261 


08 

Matuie. 

70.2 

1.25 

12.1)4 

3.53 

. 299 

. 0364 


55 

Milk. 

54.2 

3.09 

10.22 

1.69 

.251 

. 0256 

Sunrise kafir 

62 

Hough 

60.5 

2.15 

30.57 

2,51 

.317 

.0274 


69 

Mature. 

72.5 

1.64 

11.75 

3.37 

.347 

.0354 


56 

Milk. 

48.5 

2.74 

10.32 

1.88 

.172 

. 0221 

Heeds kafir_ 

63 

Dough__ 

64.2 

1.88 

10.44 

2.96 

.212 

. 0283 


70 

Mature. 

68.5 

1.60 

10.50 

3.10 

. 229 

.0336 


Table 9. —Percentage of ash, protein , fat , total phosphorus , and lipoid phosphorus 
in sorghum seeds at different stages of maturity, determined on the fresh material 


Seeds used 

Sample 

No. 

Stage 

Factor 

Ash 

Protein 

Pat 

Total 

phos¬ 

phorus 

Lipoid 

phos¬ 

phorus 





Per cent 

Pir cent 

Per cent 

Per cent 

Per cent 


50 

Milk. 

0.420 

t.02 

4.95 

0.99 

0.065 

0.0110 

Bed kafir. 

57 

Dough. 

. 565 

1. 05 

6.34 

1.61 

.012 

. 0168 


04 

Mature- 

. 742 

1. 15 

8. 67 

2.40 

. 118 

. 0334 


51 

Milk. 

.510 

1.06 

6. 01 

. 97 

. 143 

. 0150 

Common kafir. 

58 

1 lough. 

. 665 

1. 13 

7. 92 

1.62 

, 209 

.0216 


66 

Mature- 

. 705 

1. 10 

8. 86 

2. 11 

, 210 

.0253 


52 

Milk.. .... 

. 465 

1. 17 

5.44 

. 69 

. 059 

.0125 

Durso. 

59 

Dough. 

. 578 

1.14 

7.70 

1.49 

. no 

.0147 


66 

Mature. 

. 725 

1.10 

9. 56 

2.66 

. 184 

. 0282 


54 

Milk. 

. 534 

1.35 

7.34 

. 99 

. 127 

. 0106 

Spur feterita -. . 

60 

Dough 

. 581 

1.12 

7 99 

1.49 

. 143 

. 0126 


67 

Mature_ 

.720 

1.17 

10. 42 

1.95 

. 233 

♦ 0256 


54 

Milk. 

.426 

1.11 

4.86 

.71 

. 105 

. 0093 

Hegari. 

61 

Dough. 

. 542 

.98 

0.84 

1.44 

. 134 

.0136 


68 

Mature. 

.702 

.88 

9.06 

2.47 

.210 

.0255 


55 

Milk. 

. 542 

1.67 

5. 52 

,91 

. 136 

. 0138 

Sunrise kafir. 

62 

Dough_ 

. (505 

1.29 

6 34 

l 51 

190 

0164 


68 

Mature. 

. 725 

.91 

8! 46 

2] 43 

. 250 

, 0255 


56 

Milk. 

.485 

1.32 

5.19 

.90 

.083 

.0106 

Reeds kafir. 

63 

Dough 

. 642 

1.21 

6 68 

1 89 

. 135 

. 0180 


70 

Mature. 

. 685 

1.09 

1 .82 

in 

! 159 

! 0228 


It will be observed from Table 8 that the percentage of ash in the 
dry matter decreased as maturity approached in all seven samples of 
the grain sorghum seeds examined. These results are in agreement 
with those obtained by Andr6 (&) while working with other types of 
seeds. Such results would naturally be expected, since the later 
stages of maturation of seeds is accompanied by the storing up of 
starches and fats and other organic and ash constituents. The per* 
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centage of protein (N X6.25) in the dry material shows only a very 
small but definite increase, indicating that the rate of synthesis of 
this substance follows a course almost parallel to the increase in dry 
matter. 

There was a definite increase in the percentage of fat in the dry 
matter of all seven varieties as maturity approached, thus indicating 
a storage of these substances during the later stages of development. 

# While the percentage of phosphorus in the dry seeds varied con¬ 
siderably with the different varieties, the amount of this substance in 
each variety showed a definite increase as maturity approached. 
The fact that the percentage of ash in these seeds decreases at the 
same time that the phosphorus increases indicates that this substance 
is entering some vital combination with the organic constituents of 
these tissues. With a few exceptions this increase in total phosphorus 
appeared to run parallel with the increase in fat content. 

There is a substantial increase in the percentage of lipoid phos¬ 
phorus in every variety examined. While this increase is very 
significant, it is not sufficient to explain the total increase in phos¬ 
phorus. Nor is it to be expected that it would, as Zaleski (34) has 
shown that there is an increase in protein phosphorus during the last 
stages of maturity. This increase in the percentage of lipoid phos¬ 
phorus is slightly greater than the increase in the percentage of either 
fat or total phosphorus, thus indicating an exceedingly rapid synthesis 
of the phospholipins in the seeds during the later stages of maturity. 

An examination of Table 9, which contains the percentage of 
these substances in the fresh seeds, shows these increases to be much 
more pronounced. When considering the percentage of ash in the 
fresh seeds, a slight decrease in five of the seven varieties is found, 
while the other two remained almost constant. Such findings 
demonstrate that these seeds acquire their maximum ash content 
before or by the time they reach the milk stage. This change is 
followed by a slight decrease in these inorganic constituents as matui'ity 
approaches. 

From the same table it is noted that the percentage of protein 
shows a definite increase in all cases. This increase appears to run 
almost parallel with the increase in dry matter, thus showing that 
the nitrogenous materials continue to be formed or stored in these 
seeds until maturity is reached. The percentage of fat, of total 
phosphorus, and of lipoid phosphorus, each showed an even greater 
increase than did the protein. Such findings again would indicate 
a storage of these substances in the mature seeds. From the limited 
data obtained, no definite relationship could be established between 
the rates of formation or depositing of these three substances in the 
seeds other than the fact that all three appear to accumulate in the , 
seeds simultaneously. 

EFFECT OF GERMINATION ON ASH, PROTEIN, FAT, TOTAL PHOSPHORUS, WATER 
SOLUBLE PHOSPHORUS, AND PHOSPHOLIPIN CONTENT OF SEEDS OF GRAIN SOR 
GHUMS 

The effect of germination upon the composition of various seeds 
has been observed by a number of investigators, but the results have 
not always been in agreement. In general, the amounts of phos¬ 
pholipins in various seeds, at different stages of germination, appears 
to be influenced by the condition under which germination takes 
place. 
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Schulze and Steiger {28) found the phospholipins to decrease when 
the seeds were germinated in the dark, while Maxwell {21) observed 
a definite increase in phospholipins when the seeds were germinated 
in the light. Similar observations were made by Zaloski {82), 
Iwanoff {16), Bernardini and Chiarulli (6‘), and others. But Frank¬ 
furt {11) obtained contradictory results when ho investigated the 
effect of germination upon the seeds of llelimthus annum, and found 
an increase in tho phospholipins when tho seeds were germinated 
in the dark. 

Deleano {10) observed the fat contont to remain constant during 
the first eight days of germination and then docroaso vory rapidly. 
Bernardini and Chiarulli ( 6) germinated the seeds of some of the 
cereal grains and found that both tho free and tho combined phos¬ 
pholipins increased at about the same rate until tho period of chlor¬ 
ophyll production, after which they decreased. In the absence of 
light, germination was accompanied by a loss of phospholipins, chiefly 
of the combined form. Hart and Andrews {18) found germinated 
seeds to be rich in soluble organic phosphorus, and drow the conclusion 
that the organic phosphorus of oach—oats, maize, and wheat—is not 
transformed into inorganic phosphorus during germination. Zaleski’s 
{88) experiments with the seedlings of Lupinus agustifolius indicate 
that the protein-containing phosphorus and tho phospholipins (chiefly 
lecithin) are decomposed by enzymes during germination with the 
production of inorganic phosphates. 

Zlataroff {35) made an anlysis of the seeds of Oircer aritium, after 
25 days of germination and found that the protein had decreased to 
about one-third of its original value, but that tho nuclein content re¬ 
mained constant. Further observations by this investigator showed 
that the inorganic phosphorus increased at tho expense of the protein 
and other more soluble phosphorus-containing compounds. The 
phospholipins did not decrease to the same extent, but appeared to 
act as a reserve substance. Van Laer and Duvinago {19) found tho 
total phosphorus content of barley to decrease on germination, and a 
definite shift of phosphorus from the husk and ondosporm to tho nuclei 
and rootlets. These authors concluded that tho phosphorus change 
from the endosperm to the nuclei was byway of tho soluble phosphates. 

From the results obtained in previous investigations concerning 
the effect of germination upon the composition of a number of 
different seeds, one is led to believe that the changes in composition 
during germination vary with the type of seeds under investigation, 
and more particularly, with the conditions under which germination 
takes place. With these facts in mind, an investigation was started 
to ascertain tho effect of germination upon tho composition of tho 
. seeds of the grain sorghums. 

The seeds of two common varieties of grain sorghum, differing in 
composition as widely as possible, were selected as experimental 
materials. These were darso and yellow milo. The experiment was 
so planned as to note the effect of sunlight and darkness on the 
germination of seeds of both varieties. 

_ About 5 kgm. of seeds from each variety were washed free of dust, 
dirt, and hulls, and carefully rinsed three times with distilled water. 
They were then spread upon a screen and allowed to dry for two days 
at room temperature. At the end of that time about 2% kgm. of 
the plumpest seeds were hand-picked from each variety. Twenty- 
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two samples of 100 gm. each from each variety were weighed to the 
nearest tenth of a gram, and preserved in small glass containers with 
screw tops. The germination was carried on in small enamel pans, 
about 8 inches in diameter. A perforated desiccator plate was placed 
in the bottom of each pan, and a piece of hardened filter paper placed 
upon this plate. The 100 gm. sample of seeds was spread uniformly 
upon the filter paper, where they were kept moist by distilled water 
from the bottom of the pan, by capillarity. 

At the beginning of the germinating procedure, two of the 100 gm. 
samples from each variety were combined and reserved as the unger¬ 
minated sample. Ten of the remaining samples were put in the ger¬ 
minating pans, five pans being placed in a south window and five in 
a dark cabinet. The temperature of the room was maintained at 
about 32° C. by means of an electric hot plate. The period of ger¬ 
mination varied from 2 to 10 days, the seeds being kept moist at all 
times by the addition of distilled water to the bottom of the pan by 
means of a pipette. At the end of the period of germination, the 
seeds were carefully raked from the filter paper into the bottom of 
the pan, the filter paper being pressed in order to free it of as much 
dissolved material as possible. The paper was then washed with a 
small amount of distilled water and again pressed. This process of 
washing the paper was repeated twice more, a small volume of water 
being used each time. The perforated desiccator plate was rinsed 
with water and removed from the pan. This precaution was taken 
to prevent any unnecessary loss of soluble constituents. The pan 
containing the seeds and the washings was maintained at a tempera¬ 
ture of about 50° until dry. This usually required about four hours. 
When dry, the total contents of the pan were removed by means of 
a spatula and a camePs-hair brush, and placed in a glass container. 
This process was continued until five samples from each variety had 
been germinated in both light and darkness, for intervals varying 
from 2 to 10 days. 

Since there were two cloudy days during this series of germinations, 
which undoubtedly would have some effect upon the experiment, and 
since a larger number of germinated samples would tend to decrease 
any error that might have been made in the germination of a particu¬ 
lar sample, the other 10 samples from each variety were germinated 
in a similar manner. This time there were three and one-half cloudy 
days during the period of germination. 

When the process of germinating the 40 samples had been com¬ 
pleted, each of the 2 samples germinated for the same length of time 
and under similar conditions were combined, thus forming a total of 
22 samples, including 20 germinated samples and 2 ungerminated. 
The seeds were then dried for four hours at 100° C. and weighed. 
The difference between the loss in weight of the germinated samples 
and the ungerminated sample of the two respective varieties, repre¬ 
sented the loss in dry matter during the germinative process. 

The samples were then ground until the total mass passed through 
a 60-mesh sieve, and preserved in air-tight containers until the 
desired analysis could be made. 

The methods of analysis were the same as those employed in the 
earlier experiments, except the estimation of the water-soluble phos¬ 
phorus, which has not previously been mentioned. 
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The water-soluble phosphorus determination was carried out in 
the following manner: Ton grams of the dry ground seeds were placed 
upon a small filter paper folded to fit a small funnel, and eight 25 
c. c. portions of hot water were poured upon this material in succes¬ 
sion at such a rate that each portion had passed through the filter 
before the succeeding portion was added. The total extract, which 
measured slightly less than 200 c. c., owing to the small quantity 
retained by the sample, was collected in 500 c. c. Erlemneyor flasks. 
The flasks were immediately corked tightly and immersed in a 
cold-water bath to reduce the chances of hydrolysis to a minimum. 
When cold, 10 gm. of trichloroacetic acid was added to each sample 
of extract, the flasks shaken, and returned to the cold-water bath, 
where they remained for four horn's, being shaken occasionally during 
this period. At the end of this time, when the proteins had been pre¬ 
cipitated, the extracts were filtered through dry quantitative filter 
paper and collected in a dry 400 c. c. beaker. One hundred cubic 
centimeters of this filtrate was placed in a 200 c. c. porcelain evapo¬ 
rating dish and evaporated to dryness on a water bath. The residue 
in the evaporating dish was then moistened with 10 c. c. of 10 per 
cent solution of sodium carbonate and again evaporated to dryness. 
The evaporating dish was placed in an electric muffle and the contents 
ignited to dull redness. When the evaporating dish had cooled, the 
contents were dissolved in a small quantity of warm dilute nitric 
acid, and transferred to a 400 c. c. beaker by rinsing with distilled 
water. The total phosphorus content of this solution was deter¬ 
mined by the usual gravimetric method. The results are expressed 
as the percentage of soluble phosphorus in the 10 gm. of sample. 
This process was repeated until at least two consistent values had 
been obtained for each sample. 

The wxiter is aware that such a procedure is open to some criticism, 
but even at that, eliminating experimental errors, such a procedure 
should at least give comparative values for the changes during 
germination. This is all that can be hoped for until more is known 
concerning the various changes which take place during germination 
and more accurate means are devised to measure them. 

In this investigation all determinations were made in duplicate 
and repeated until consistent chocks were obtained. 

For ease of study the results are shown in table form. (See 
Tables 10 and 11.) 

After two days of germination the seeds appeared very much 
enlarged but no sprouts were visible. After four days, about 70 
per cent had sprouted or showed evidence of sprouting. After six 
days,, about 90 to 95 per cent had sprouts averaging about one-half 
inch in length. At this time the seeds grown in the light were larger 
and had a much better color than those grown in the dark. The 
difference in the appearance of the two groups was yet more evident 
at the end of the 8-day period. At the end of 10 days the sprouts 
from the seeds germinated in the light had reached the height of 
about V/l inches and had begun to show evidence of chlorophyll 
formation, while the sprouts from the seeds germinated in the dark 
were much more irregular in height, showed no evidence of chlorophyll 
production, and all of the sprouts had developed a pale yellowish 
color. 
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Table 10. —Percentage of ash, 'protein, fat, total phosphorus, water-soluble phos¬ 
phorus, and lipoid phosphorus in yelloto milo and darso seeds germinated in the 
light and in the dark, determined on a dry-matter basis 


Seeds used 

Condition 
under 
which ger¬ 
mination 
occurred 

Sample 

Days 

of 

germi¬ 

nation 

Dry 

matter 

Ash 

Protein 

Fat | 

Total 

phos¬ 

phorus 

Water- 

soluble 

phos¬ 

phorus 

Lipoid 

phos¬ 

phorus 






Per 


Per 








Per cent 

cent 

Per cent 

cent 

Per cent 

Per cent 

Per cent 



A. 

0 

93.10 

1.89 

11.04 

3.18 

0.242 

0.055 

0.0451 



(B. 

2 

92.00 

1.92 

10.62 

3.10 

.248 

.073 

.0476 



I)_ 

4 

90.10 

1.92 

9.85 

2.92 

.257 

.081 

. 0572 



Light,_ 

{F _ 

6 

88.20 

1.95 

9.44 

2. 65 

.254 

.098 

.0645 




H _ 

S 

86.40 

1.96 

9. 03 

2.44 

.274 

.105 

.0684 

Yellow milo. 



u . 

10 

83.00 

1.99 

8. 60 

2. OS 

.282 

.118 

.0870 



fC. 

2 

89 20 

1.90 

10. 37 

2. 96 

.247 

.071 

.0471 




E_ 

4 

87 40 

1.94 

9.75 

2.78 

.251 

.083 

.0491 



Dark. 

Ju _ 

0 

80.50 

1.90 

8.97 

2.57 

.258 

.090 

.0510 


1 

L- 

8 

85.10 

1.98 

8.85 

2.41 

. 254 

.113 

. 0540 



Ik. 

10 

84.00 

1.98 

8.74 

2.18 J 

.275 

.126 

.0624 



L. 

0 

93.50 

1.42 

12.69 

4.05 

.235 

.062 

. 0364 



fR. 

2 

92.10 

1.46 

12.31 

3.91 

.237 

.069 

.0384 



S . 

4 

89.30 

X. 48 

12.12 

3.85 

.240 

.083 

.0406 



Light . 

. 

6 

84.00 

1.54 

12.10 

3.71 1 

.250 

.105 

.0442 




u. 

8 

82.20 

1.56 

11. 41 

3.56 

.255 

.124 

.0462 

Darso .— ! 



V . 

10 

81.90 

1.59 

11.34 

3.32 

.262 

.138 

.0503 



(M. 

2 

92.00 

i.44: 

12.09 

3.78 1 

.242 

.060 

.0386 




N . 

4 

88.10 

1.48 

11.16 

3.58 

.251 

.GS1 

.0410 



Dark _ 

• 0_ 

6 

84.30 

1.51 , 

11.12 

3.30 , 

.261 , 

.090 

.0419 



F. 

8 

82.50 

1.57 ! 

11.06 

3.03 

.267 

.119 

.0428 

: 


,Q - 

10 

82.00 

1.58 

11.06 

3.00 

.269 

.134 

.0442 


Table 11. —Percentage of ash, protein, fat, total phosphorus, water-soluble phos¬ 
phorus, and lipoid phosphorus in yellow milo and darso seeds germinated in the 
light and in the dark, determined on the fresh material 


Seeds used 

Condi- ! 
tionun- | 
der which 
gerrni- j 
nation 
occurred 

Sample 

Days of 
germi¬ 
nation 

Factor 

Ash 

Protein 

Fat 

Total 

phos¬ 

phorus 

Water- 
soluble - 
phos¬ 
phorus j 

Lipoid 

phos¬ 

phorus 






P. ct. 

Per ct. 

Per ct. 

Per ct 

Per cent ! 

Per cent 



A. 

0 

1.0000 

1.89 

11.04 

3.18 

0.242 

0.055 

0.0451 




(B. 

2 

.9892 

1.90 

10.52 

3. 07 

.245 

.072 

.0471 




D. 

4 

| .9677 

1.86 

9.44 

2.86 

.248 

.079 

.0544 



[Light— 


F. ! 

6 

1 .9462 

1.85 

8.94 

2.54 

.241 

.093 

.0610 





H. 

8 

.9236 

1. 81 

8.34 

2.25 

.253 

.097 

.0632 

Yellow milo. 




LJ. 

10 

.8923 

1.78 

! 7.67 

1.86 

.252 

.105 

.0776 




fC.! 

2 

.9569 

1.82 

9.92 

2.83 ; 

.237 

.068 

.0451 





E. 

4 

! .9344 

1.81 

9.11 

2.60 

.234 

.077 

.0459 



Dark_ 


G. 

6 

.9236 

L 81 

8.28 

2.37 

.238 

.089 

.0477 




I. 

8 

.9139 

1.81 

8.10 

2.20 

.241 

.103 

.0494 




LK. 

10 

.9032 

1.79 

7.89 

1.97 

.249 

.114 

.0564 



L. 

0 

1.0000 

1.42 

12.69 

4.05 

.235 

.062 

.0364 




fR. 

2 

.9839 

1.43 

12.11 

3.85 

.238 

.068 

.0378 




S. 

4 

.9518 

1.41 

11.54 

3.69 

.228 

.079 

.0386 



[Light--. 


T. 

6 

.8983 

1.38 

10.87 

3.33 

.224 

.094 

.0397 





U. 

8 

.8780 

1.37 

10.02 

3.13 

.224 

.110 

.0406 





lv. 

10 

.8780 

1.40 

9.96 

2.91 

.230 

.121 

.0442 

Darso. 




n\/r 

2 

. 9840 

1.42 

11.90 

3 72 

238 

. 059 

0380 





N. 

4 

.'9412 

1 .39 

10.* 51 

3.'37 | 

! 237 

! 076 

10386 



Dark—. 

- 

O . 

6 

.8980 

1.36 

9.99 

2.96 

.234 

.080 

.0385 



■ 

P. 

s 

.8823 

1.39 

9.76 

2.67 

.236 

.105 

.0378 




Q. 

10 

.8750 

1.38 

9.68 

2.63 

.235 

j .117 

.0387 


When the percentages of the various constituents in the dry 
material are considered, a number of changes are apparent. (Table 10.) 
Most conspicuous of these is the marked decrease in dry matter as 
the periods of germination were increased. Corresponding decreases 
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were observed with the two varieties of seeds under similar conditions, 
but the decreases were slightly less marked when germination took 
place in the dark. However, the rate of decrease was greater during 
the first few days of germination in the dark than during a similar 
period of germination in the light. Since precautions were taken to 
prevent possible losses of the soluble constituents, the loss in dry 
matter must be attributed to the germinative processes going on in 
the seeds during the germination period. 

There appears to be a very slight increase in the percentage, of 
ash in the dry matter. (Table 10.) This increase is almost propor¬ 
tional to the decrease in dry matter. Such a relationship is exactly 
what is to be expected if there had been no loss of inorganic materials 
by seepage. 

The percentage of both the protein and the fat decreased very 
rapidly during the 10 days of germination. Similar observations 
have been made by investigators working with other seeds. There 
appears to be some relationship between the rate of decrease of the 
protein and the fat of these seeds during germination but the ratio 
is not definite. 

The percentage of total phosphorus ran parallel with the ash, and 
increased, with a decrease in the percentage of dry matter. This 
again is to be expected as there was little chance for a loss of this 
substance. 

The water-soluble phosphorus and the lipoid phosphorus both 
made an enormous increase during tho 10-day period. During this 
time the percentages of these substances increased from approxi¬ 
mately 20 to 130. The increase in the water-soluble phosphorus 
must have resulted from the splitting off of this element from some 
of its conjugated products, possibly the proteins. Tho increase in 
the percentage of this fraction was proportional to the increase in 
the percentage of lipoid phosphorus. Such findings would suggest 
that during germination the phosphorus in the seed passes through 
the water-soluble stage before forming tho more vital plant tissue 
by combining with the lipoids. 

Table 11 contains the same data as Table 10 but expressed as 
percentage of the original seed. These data bring out a few facts 
which are not so evident from Table 10. When tho percentage of 
ash in the original material is considered, it is found to be constant 
throughout the several periods of germination. Slight variations are 
evident but these are within tho limits of experimental error. This 
also holds true for the percentage of total phosphorus. 

Experiments were conducted to ascertain tho relative amounts of 
phospholipins in various seeds and to determine the relation of the 
phospholipins to the ash, protein, fat, and total phosphorus present 
in the seeds. 

The phospholipin content of seeds was found to be as variable as 
many of the other constituents. The greatest variation in the 
amounts of those substances occurs between different types of seeds, 
but minor variations are apparent between different varieties of the 
same type or even different samples of the same variety. The phos¬ 
pholipin content is independent of the color and size of the seeds. 
In general, the highest percentages of phospholipins are found in tho 
seeds having the highest protein and the highest fat content, but 
this is not always true. The total phosphorus increases with increase 
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of phospholipins but the relationship is not definite. Some of these 
irregularities could no doubt be eliminated by taking into considera¬ 
tion the conditions of the soil on which the seeds were grown, to¬ 
gether with the climatic conditions during the period of growth and 
maturity. 

The ash, protein, fat, total phosphorus, and phospholipin content 
of seven varieties of grain-sorghum seeds, at three different stages 
of growth were determined. The results obtained demonstrate very 
clearly a definite increase in all of the constituents, with the exception 
of ash, as the seeds approached maturity. The number of samples 
examined does not permit a definite correlation between the rate of 
formation of any two of these substances. 

Two samples of grain sorghum seed were germinated both in fight 
and in darkness and the percentage of several of their constituents 
determined at various periods of germination. It was found that 
the seeds lost about 10 per cent of dry-matter during 10 days of 
germination. This loss appeared to be slightly less when germina¬ 
tion took place in the dark. The percentage of ash in the dry-matter 
increased, but the total amount of ash remained constant. The per¬ 
centage and amount of both protein and fat decreased in the dry- 
matter in all cases. The percentage of total phosphorus paralleled 
that of the ash. Both the percentage and amount of water-soluble 
phosphorus and lipoid phosphorus increased. The increase in phos¬ 
pholipins, estimated as lipoid phosphorus, was almost directly pro¬ 
portional to the increase in water-soluble phosphorus. The lipoid 
phosphorus showed a greater increase when germination took place 
in the light. There appears to be no relationship between the 
increase in lipoid phosphorus and the changes in ash, protein, fat, or 
total phosphorus. 
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RELATION OF TEMPERATURE TO RATE AND TYPE OF 
FERMENTATION AND TO QUALITY OF COMMERCIAL 
SAUERKRAUT 1 

By H. B. Parmele, E. B. Fred, and W. H. Peterson, Departments of Agricul¬ 
tural Chemistry and Agricultural Bacteriology , University of Wisconsin , and 
J. E. McConkie and W. E. Vaughn, Research Department , American Can Co. 2 

INTRODUCTION 

The fermentation of cabbage by lactic acid-forming microorganisms 
is greatly influenced by several factors. Among these factors tem¬ 
perature is undoubtedly one of the most important. It controls the 
rate and kind of fermentation and thus has a marked effect on the 
quality of the product. 

Sauerkraut packers seldom attempt to control the initial tempera¬ 
ture of the shredded cabbage, with the result that the temperature of 
the different vats varies widely at different times during the packing 
season. During the latter part of August cabbage is often packed 
at 80° F. or higher, which is the temperature suggested by LeFevre 
(£) 3 for making sauerkraut. Wehmer (t6 ), on the other hand, sug¬ 
gests that 40° is the proper temperature. This low temperature is 
not uncommon for cabbage shredded in November and December. 

The initial temperature of the shredded cabbage largely controls 
the temperature of the fermentation. The temperature of the fac¬ 
tory during fermentation has only a slight effect on the temperature 
of the cabbage, for the regular-size vats are large and contain 40 to 
50 tons of shredded cabbage. On the other hand, it is conceivable 
that room temperature may have an effect on the temperature of 
small quantities of cabbage. Room temperature undoubtedly had 
an effect in the case of the top and bottom portions of the experi¬ 
mental vats used in this study, which contained only 8 tons of 
cabbage. 

EXPERIMENTAL METHODS 

The experiments described in this paper were arranged to study 
the relation of temperature to rate and type of fermentation and to 
the quality of sauerkraut made under factory conditions. They 
were conducted in a commercial sauerkraut factory near Milwaukee, 
Wis. 

Great care was exercised to secure uniformity of material and 
conditions during the experiments, especially in the filling of the 
vats. The cabbage used was from one field, was of the same age and 
variety, and had been stored for about two weeks in outside venti¬ 
lated piles, 90 feet long, 10 feet wide, and 6 feet high. The piles 
were opened along one side for the entire length, and each load 


1 Received for publication June 11, 1927; issued January, 1928. Published with the permission of the 
director of the Wisconsin Agricultural Experiment Station. 

2 The authors are greatly indebted to the Frank Pure Food Company, Frahksville, Wis., for their 
generous cooperation in this work. 
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removed was representative of the whole pile. The temperature of 
this cabbage after being cored and cut was about 40° F. It was 
warmed to the desired temperatures by means of steam jets placed 
along a chute through which the shredded cabbage fell. 

Eight vats of 8-ton capacity each were lilled in two series. These 
oval vats were 7 feet deep. The short diameter was about 0 feet 
and the long diameter 11 feet. Four vats were used in the first 
series and an equal number in the second. Their temperatures wore 
approximately 45°, 55°, 65°, and 75° T<\, respectively, when lilled. 
The second series of vats was packed four days after the first, and 
was as nearly as possible a duplicate of the first series. Two days 
were required to fill the four vats in each series. 

Dividing the eight vats into tw r o series proved another safeguard 
in avoiding variation in cabbage. The four vats of each series were 
packed simultaneously by alternating the cartloads of cut cabbage 
containing about 700 pounds each. This procedure made it certain 
that each vat contained cabbage similar to that in the others. 

Three thermocouples were put into each vat, one 2 feet from the 
bottom and an equal distance from the side, another in the center 
of the vat, and another 2 feet from the top and an equal distance 
from the side opposite the bottom theimocouple. These thermo¬ 
couples were carefully checked before being used, and readings 
obtained with them while in the vats were verified by means of 
thermometers. 

Two thick-walled rubber tubes with small Buchner funnels on the 
ends were placed in each vat, so that a s,am pic of juice could be drawn 
from the center and bottom when desired. For the first 10 days 
samples were drawn at 24-hour intervals, and later at more irregular 
intervals. From these samples the following data on bacteria, acidity, 
and temperature were obtained. 

The number and activity of the bacteria were measured in three 
ways: (1) By direct counts (Breed method); (2) by determining the 
time of reduction of methylene blue; (3) by the acid production in 
the fresh cabbage juice. 

Titratable acidity was measured by boiling 10 c. c. of the samples 
for a few seconds to expel C() s , and then titrating with 0.1 N NaOII, 
phenolphthalein being used as an indicator. The hydrogon-ion con¬ 
centration of each sample was determined by the colorimetric method. 

Changes of temperature in different parts of the vats during fer¬ 
mentation were observed by moans of the thermocouples. 

METHODS OF ANALYSIS 

CABBAGE 

Representative heads were selected for chemical analysis from the 
inside and outside of the pile in which the cabbage was stored. Those 
were shredded, thoroughly mixed, 20 gm. of the material were dried 
for 24 hours in an oven at about 110° C., and the loss in weight cal¬ 
culated as moisture. Total nitrogen was determined in a 10 gm. 
sample of cabbage by the Kjeldahl method. To determine the water- 
soluble constituents, 400 gm. of cabbage were thoroughly ground, 
filtered, and washed to a total volume of 2 liters. Nitrogen was 
determined in this extract by the Kjeldahl method, amino acids by 
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the Van Slyke (5) procedure, and reducing sugars by the Shaffer- 
Hartmann (§, Jf) method. Sucrose was determined by the acid- 
hydrolysis procedure. After the fermentation in each vat was com¬ 
pleted, a composite sample was taken and the products of fermen¬ 
tation determined. 

Table 1 shows the composition of cabbage from different parts of 
the piles used in this experiment. 

SAUERKRAUT 

One hundred cubic centimeters of sauerkraut juice were subjected 
to steam distillation after 5 c. c. of 1 N H 2 S0 4 had been added. The 
volatile acid obtained was titrated with 0.1 N NaOH. The non¬ 
volatile acid in the residue from the steam distillation was separated 
and the quantity determined by the Kutscher-Steudel (. 1) method. 
The alcohol in 100 c. c. of sauerkraut juice was determined by neu¬ 
tralizing the volatile acids present and distilling off the alcohol. The 
latter was then oxidized with potassium dichromate to acetic acid, 
which w T as distilled off and titrated with 0.1 N NaOH, The reducing 
sugars present in the sauerkraut juice were determined by the 
Shaffer and Hartmann method. 

Table 1 . —Composition of cabbage from different parts of piles used in experiment 


Item 

Wet basis 

Dry basis 

Outside 

Center 

Outside 

Center 

Moisture......... 

Per cent 
92.300 
.225 
.107 
.063 
2.660 
.717 , 

Per cent 
90.700 
.242 
.120 
.076 
2.596 
#. 808 , 

Per cent 
0.0 
2.93 
1.39 
.82 
34.51 
9.32 

Per cent 
0.0 
2.60 
1.29 
.82 
27.83 
8.64 

Total nitrogen.. 

W ater-soluble nitrogen. ... 

Amino nitrogen________ 

Reducing sugar. 

Sucrose..... 



COMPOSITION OF CABBAGE 

Table 1 indicates the necessity of thoroughly mixing the cabbage 
as was done in the eight experimental vats, in order to obtain a 
uniformity of raw material. The manner in which this was accom¬ 
plished has been previously described. Apparently variations in 
composition exist between heads selected from different parts of the 
pile in which they were stored. The greatest difference is in the 
sugar content. The cabbage at the center of the pile had lost sugar 
through excessive respiration. These heads were much warmer than 
those on the outside of the pile, which indicates a more rapid rate of 
respiration. 

CHANGES IN TEMPERATURE DURING FERMENTATION OF 

CABBAGE 

Figure 1 shows the changes in temperature at the center of vats 1, 
3, 4, and 6 at successive intervals during fermentation. Changes in 
the factory temperature from day to day are also shown. It is obvi¬ 
ous that there is a rise in temperature during the first part of the 
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fermentation which can not be attributed to conduction from the 
room, since the latter is at a lower temperature than the vats. It is 
difficult to tell whether the heat is supplied by bacterial or plant¬ 
cell activity. During the latter period of the fermentation the tem¬ 
perature of the vats tends to adjust itself to room temperature. In 
most cases, the rise in temperature occurs when acidity is increasing 
most rapidly, and falls off after this rapid increase ceases. The 
temperature curves of Figures 2, 8, 9, and 10 illustrate this point. 
This rise in temperature affords some evidence that heat is supplied 
during the fermentation by bacterial action rather than by plant cells 
alone. Furthermore, the initial rise in temperature often extends 
over a period of eleven or twelve days. It seems very doubtful if the 
activity of plant cells alone could account for a rise in temperature 
over as long a period of time. It is interesting to note that the rise 



Ftu, I.—Tmnpftiature at the center of the warm vats ul. various times (luring fermentation 


in temperature in all eight vats was about 10° k., and that the rate 
at which this rise in temperature occurred, in general, parallels the 
rate of fermentation (acid production). 

In Table d are recorded the changes in temperature occurring in 
the three different parts of the experimental vats. It appears that 
the temperature at the top and bottom of each vat is inoro quickly 
affected by changes in factory temperature than that at the center. 
Thus the temperature at the top of vat 2, filled at 44° F., was higher 
than that at the center and more nearly adjusted itself to factory 
temperature than did the latter. In the case of the warm vat, 6, 
the bottom and top temperatures were the same as the center tem¬ 
perature at the beginning of the fermentation, but dropped off 
more quickly and were nearer the temperature of the factory than 
the latter. It should also be noted that in general the temperature 
at the bottom of each vat was lower than at the top. It is rather 
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difficult to explain this fact unless possibly it was due to convection 
currents carrying the heat liberated during fermentation to the 
surface. 


Table 2.— Changes in temperature of sauerkraut during jermentation 
[T==top sample, C =center sample; B =bottom sample] 


Temperatures (° F.) in— 


Tern- 


Ago of 
sauer¬ 
kraut 
(days) 

pora- 

ture 

of 

factory 

(°F.) 

Vat 2 (initial 
temperature 
44°) 

Vat 9 
(initial 
temper¬ 
ature 
50°) 

Vat 7 
(initial 
temper¬ 
ature 
52°) 

Vat 5 (initial 
temperature 
53°) 

Vat 3 (initial 
temperature 
64°) 

Vat 1 
(initial 
temper¬ 
ature 
65°) 

Vat 6 (initial 
temperatuie 
74°) 

Vat 4 
(initial 
temper¬ 
ature 
76°) 



T 

C 

B 

G 

C 

T 

C 

B 

T 

C 

B 

C 

T 

C 

B 

C 

1. 


41 

46 

44 

51 

50 

5° 

55 

56 

61 

60 

66 

67 

77 

71 

75 

79 

2. 


44 

45 

44 

51 

55 

55 

56 

58 

63 

61 

66 

68 

79 

79 

77 

80 

3__ 

63 

46 

44 

44 


56 

62 

62 

66 


79 

79 

79 


4__. 

67 

48 

44 

44 

54 

55 

60 

60 

60 

66 

64 

66 

71 

79 

79 

78 

82 

5_ 

56 

48 

43 

44 


55 




66 

64 

66 


82 

81 



o. 

54 

52 

45 

47 

55 

56 

62 

60 

60 

67 

67 

67 

70 

79 

79 

78 

82 

7_. 

52 

52 

45 

48 

55 

57 

63 

61 

59 

67 

66 

60 

70 

81 

83 

76 

81 

8„. 

59 




56 


63 

61 

61 




72 




81 

9.__ 

63 

55 

47 

50 

57 

57 

62 

61 

60 

70 

70 

66 

72 

79 

84 

75 

80 

10- . 





57 


62 

61 

60 




71 




80 

11. 

62 

56 

47 

50 


58 




67 

70 

65 


77 

81 

72 


12-.. 


56 

48 

50 


59 




66 


63 



81 

72 


13. 

60 

60 

50 

52 

58 | 

59 

63 

63 

61 

68 

69 

65 

71 




77 

14_.. 

59 

60 

50 

52 

58 

60 

62 

64 

60 

67 

68 

63 

71 




77 

1.5. 

55 

60 

51 

53 


60 

67 

os 

63 






18. 

48 

62 

55 

55 


61 


_ 


67 

68 

03 






19-. 

54 

60 

54 

53 


63 




66 

68 

62 






21.. 





61 


62" 

"or 

58’ 


! 


65 




71 

24 .. 





63 


61 

62 

58 




65 





20_. 


"fu" 

59 

55" 


62 




~63 

66~ 

"oo" 

64 





29 . 

57 

01 

58 

55 


63 




62 

64 

59 






32_ _ 

52 

60 

58 

55 


62 




61 

63 

58 






41. 

53 

55 

57 

51 

59 


’55" 

57" 

52" 




























TITRATABLE ACID AND HYDROGEN-ION CONCENTRATION 

Figures 2 and 3 illustrate clearly the relationship between titratable 
acidity and hydrogen-ion concentration, and also the general corre¬ 
lation which exists between samples taken from different parts of a 
single vat. The changes in titratable acidity at the center and 
bottom of each vat are shown in Table 3. It appears from this 
table that the rate of acid formation is largely dependent on the 
temperature. It can be seen that it was necessary for fermehtation 
to go on for 11 days in the vat whose initial temperature was 44° F. 
before an acidity of 0.5 per cent was reached. This period was 
shortened to six days in the vat whose initial temperature was 53° F., 
to 3 days in the 65° vat, and to 24 hours in the 76° vat. When the 
temperature of the shredded cabbage is between 65° and 75° the 
acidity increases rapidly during the first part of the fermentation, 
after which it increases slowly. When the temperature is below 
65° the rise in acidity is more gradual and -uniform throughout the 
entire process. These facts are clearly brought out in Figures 4 to 
10, inclusive, in which changes in acidity at the center of each vat 
are shown. It is apparent from the data presented in Table 3 that 
the acidity at the bottom of each vat is about the same as at the 
center. 

78946—27-5 
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In Table 4 are recorded the results of the P H determinations. It 
is apparent that these are of little value as measures of the degree of 



Fig. 2.—Titratable acid'ty, hydrogen-ion concentration, number of bacteria, and temperature 
at the center of vat 3 at various times during fermentation 


fermentation, since in every case the P H drops more or less rapidly, 
depending upon the temperature of the fermentation, to about 3.7, 



and. does not go any lower than this even though the titratable 
acidity continues to rise. 
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Table 3. —Changes in titratable acidity oj sauerkraut during fermentation 
[C=center sample; B = bottom sample] 


Percentages of lactic acid in— 


Age of sauer¬ 
kraut (days) 

Vat 2 
(initial 
tempera¬ 
ture 

44° F.) 

Vat 9 
(initial 
tempera¬ 
ture 

50° F.) 

Vat 7 
(initial 
tempera¬ 
ture 

52° F) 

Vat 5 
(initial 
tempera¬ 
ture 

53° F.) 

Vat 3 
(initial 
tempera¬ 
ture 

64° F.) 

Vat 1 
(initial 
tempera¬ 
ture 

65° F.) 

Vat 6 
(initial 
tempera¬ 
ture 

74° F.) 

Vat 4 
(initial 
tempera¬ 
ture 

76° F.) 


C 

B 

C 

B 

C 

B 

C 

B 

C 

B 

C 

B 

C 

B 

C 

B 

1 _ . 

0 17 

0 14 

0.09 

0 09 

0.15 

0.14 

0 09 

0 16 

0.18 

0.23 

0.37 

0.19 

0.38 

0.52 

0 59 

0.64 

2 .. 



.28 

.23 



sn 

37 



46 

26 



82 

1 01 

3. 

.15 

.08 

.28 

.25 

.39 

.27 

.38 

.49 

.40 

.47 

.57 

.40 

.87 

1.06 

!so 

1.02 

4.. 

.18 

.10 

.32 

.28 

.61 

.28 

.46 

.70 

.54 

.72 

.62 

.41 

1.05 

1.14 

1.04 

1 . 21 

5.. 

.25 

.14 



. 64 

.47 



66 

98 



1 30 

1.27 



6 . 

.28 

.19 

.37 

.46 

.74 

.50 

.55 

.82 

.74 

1.21 

.85 

.65 

1.23 

1 39 

1 21 

1. 27 

7. 

.36 

.21 

.42 

.55 

71 

.70 

.53 

.85 

.85 

1 39 

.93 

.70 

.1.24 

1.53 

1.31 

1. 32 

8 __. 

37 

26 

.51 

.71 

.92 

.74 

.64 

1.01 

.82 

1.38 

1.14 

.74 

1.40 

1 63 

1.38 

1.55 

9. 

39 

.38 

.58 

.68 

1 11 

.85 

.67 

1.07 

.92 

1.39 

1.16 

. 73 

1.41 

1.55 

1.59 

1.55 

10 ... „ 



.67 

.75 



.81 

1.09 



1 22 

.85 



1.63 

1. 56 

11 . 

. 55 

.52 



1 05 

95 

1 05 

1 51 

1. 35 

1 26 

1 62 


12 . 

.60 

.52 



1.11 

1.03 



97 

1 50 


1.15 

1.64 



13. 

.70 

.63 

.84 

88 

1 21 

1 11 

1 07 

1 13! 1 09 

1 ,54 

1, 38 

87 



1 68 

1 . 68 

14. 

.06 

.68 

.81 

.85 

1 09 

1.13 

1 13 

1 121 1 96 

1 45 

1. 53 

1 04 



1.72 

1. 57 

15.. 

.72 

.64 



1 . 06 

1.21 


1 23 

1.48 




! _ 

18.... 

.75 

.77 



1 . 06 

1 27 



1 25 

1 .47 






19... 

.82 

.76 

i. i§ 

1.05 

1.30 

1.29 

1 31 

1 22 ' 1 98 

1 48 

1. 56 

91 



1 80 

1.66 

21 .. 



1 03j 

1.05 

1 29 

X. 33 


1.57 

1 06 



1.76 

1.72 

25... 

.91 

.90 

1 32 

1.11 

1.32^ 

1 43 

1 40 

1 42 

1 09 

1 41 





27. 



1 41 

1 24 

1. 48 

1 46 

1.42 

1 49 

1.20 



1 

29..... 

.97 

1.06 



1. 31 

1.46 

1.19 

1 42 




32. 

1.03 

1,17 

. 


1.31 

1.40 



1.25 

1.47 

i 




i 

41.. 

1.31 

1.59 

1.64 

1.17 



1.66 

1 62 



j. ... 




H 






1. 





i 




. 


Table 4. —Changes in the Pn values of sauerkraut during fermentation 


Ph values in center of— 


Age of sauer¬ 
kraut 
(days) 

Vat 2 (initial 
temperature 
44° F.)« 

Vat 9 
(initial 
tempera¬ 
ture 

50° F.) 

| 

1 Vat 7 
(initial 
tempera¬ 
ture 

52° F.) 

! 

. 

Vat5 

(initial 

tempera¬ 

ture 

53° F.) 

Vat 3 
(initial 
tempera¬ 
ture 

64° F.) 

Vat 1 

(initial 

tempera¬ 

ture 

65° F.) 

Vat 6 
(initial 
tempera¬ 
ture 

74° F.) 

' Vat 4 
(initial 
tempera¬ 
ture 

76° F.) 

C 

B 

1 ... 1 

5.8 

5.8 

5.9 

5.8 

5.9 

5.4 

5.7 

5.4 

5.5 

2 ...' 



5.2 


5.0 


4.4 


4 6 


5.9 

5.9 

4.6 

5 8 

4.3 

4.4 

4.0 

4.2 

4.0 


5.8 

5 9 

4.2 

5.5 

4.0 

4.2 

3.8 

4.2 

3.8 

5. 

5 4 

5.6 


5 2 


3.8 


3.8 


6 . 

5.3 

5.4 

4.2 

4.5 

4.0 

3.8 

4.0 

3.8 

3.8 

7.. 

5.0 

4.8 

3 9 

4.4 

4.0 

3 8 

3.8 

3.8 

3 7 

8 . 

4.6 

4.4 

4.0 

4.2 

3.8 

3.8 

3.7 

3.6 

3.5 

9. 

4.2 

4.2 

4.2 

4.0 

3.8 

3.8 

3.6 

3.6 

3.5 

10 . 



4.0 


3.9 

3.8 

3.6 


3.5 

11 _ __ 

4.2 

4.2 


4.0 


4.0 


4.0 


12 . .. 

4.0 

4.0 


3.7 


3 7 


3.8 


13. 

4.0 

4.1 

3.9 

3.9 

3.8 

3.7 

3.6 


3.6 

14. 

4.2 

4.2 

3.9 

3.9 

3.8 

3.8 

3.7 


3.6 

15 

4.2 

4.2 


3.9 


3.9 




18 ....... 

4.0 i 

4.0 


3 8 


4.0 



19 

4.2 

4.0 


3.8 


3.7 



25 . 

4.0 

3.8 

3. 6 

3.8 

3.6 

3.9 

3.6 


3.5 

26 * 

4.0 

3.8 


3.8 


3 8 




29 

3.9 

3.8 


3.8 


4.0 



32 

4.0 

3.6 


3.7 


3.8 









1 



<» For comparison the Ph value of bottom sample is given 
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Additional evidence concerning this question was obtained by an 
analogous experiment in the laboratory. It was found that the 
P H of fresh cabbage juice is 5.9. When the juice was saturated with 



Fig. 4 .—Temperature, acidity, and number of bacteria at, the center of vat 2 at various times 

during fermentation 


carbon dioxide, the P H was lowered to 4.8. Large quantities, of 
carbon dioxide are liberated during the first lew days of fermentation 
of cabbage, which must almost completely saturate the juice ex- 



Fig. 5.—Temperature, acidity, and number of bacteria at the center of vat 9 at various times 

during fermentation 


pressed from the latter. This would, in a large part, account for 
the rather sudden drop in P H observed during the early days of 
fermentation before much acid had been formed. 
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Fig. G.—Temperature, acidity, and number of bacteria at the center of vat 7 at various times 

during fermentation 



Fig 7 .—Temperature and acidity at the center of vat 5 and number of bacteria at the bottom 
of vat 5 at various times during fermentation 






1030 Journal oj Agricultural Research voi..v>, no. h 

If 0.5 c. c. of 1 N. acetic acid and 1.3 c. c. of 1 N lactic acid are 
added to 15 c. c. of cabbage juice, a mixture is formed which has a 
P H of 3.6 and contains quantities of the two acids equivalent to that 



Fig. 8 .~-Temperature, acidity, and number of bacteria at the 
center of vat 1 at various times during fermentation 


found in completely fermented cabbage. If the same quantities of 
these two acids are added to water, in which case no buffer effect is 
possible, the mixture will have a P H of 2.9. These values indicate 
the buffering property of cabbage juice. If 0.25 c. c. of 1 N acetic 



Fig. 9.—Temperature, acidity, and number of bac¬ 
teria at the center of vat 6 at various times during 
fermentation 


acid and 0.65 c. c. of 1 N lactic acid are added to 15 c. c. of cabbage 
juice, a mixture is formed, haring a P H of 3.6 and containing quantities 
of the two acids equivalent to that found in half-fermented cabbage. 
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Since reducing the amount of acids one-half has no effect on the P H , 
it is clear that P H determinations are of but little value as a meas¬ 
ure of changes in acidity. 



Table 5. — Changes in number oj bacteria in sauerkraut during fermentation 
[C-center sample; B = bottom sample! 


Number of bacteria (millions per e. c. of juice) in— 


ge of sauerkraut 
(days) 

Vat 2 
(initial 
tempera¬ 
ture 

44° F.) 

Vat9 

(initial 

tempera¬ 

ture 

50° F.) 

Vat 7 
(initial 
tempera¬ 
ture 

52° F.) 

Vat 5 
(initial 
tempera¬ 
ture 

53° F.) 

Vat 3 
(initial 
tempera¬ 
ture 

64° F.) 

Vat 1 
(initial 
tempera¬ 
ture 

65° F.) 

Vat 6 
(initial 
tempera¬ 
ture 

74° F.) 

Vat 4 
(initial 
tempera¬ 
ture 

76° F.) 

C 

B 

C 

B 

C 

B 

C 

B 

C 

B 

C 

B 

C 

B 

° 1 

B 




101 

6 



200 

48 



339 

157 



306 

114 


6 

8 

258 

204 

97 

24 

210 

154 

196 

193 

197 

82 

199 

196 

405 

404 


40 

45 

307 

201 

29 

27 

211 

144 

322 

190 

46 

99 

392 

82 

83 

261 


89 

28 

266 

215 

41 

65 

173 

150 

386 

230 

253 

161 

240 

183 

213 

197 


97 

111 



287 

90 




62 



391 

299 




86 

51 

374 

207 

175 

115 

240 

113 

201 

105 

351 

122 

225 

190 

156 

218 

1 . 

158 

31 

303 

142 

189 

150 

190 


163 

235 

248 

21 

191 

188 

161 

301 

5 . 

123 

101 

229 

262 

205 

62 

73 

22 

159 

205 

389 

52 

200 

147 

240 

154 

.-. 

95 

81 

255 

203 

101 

SO 

84 

76 

140 

152 

225 

39 

156 

82 

164 

124 

) 



112 

56 



61 

111 



152 

49 



61 

119 

I 

211 

94 



18 

79 



199 

137 



98 

14 



2 

141 




124 

199 



121 

62 



88 

40 




117 

62 

121 

108 

88 

65 

62 

54 

64 

80 

121 

19 



162 

179 

1 

241 

61 

163 

139 

48 

78 

33 

37 

257 

57 

62 

42 



120 

31 

15 

97 

38 



49 

54 



143 

46 







3 

1 

155 1 

153 



174 

42 



146 

87 







fl - • 

143 

143 

60 

32 

" 36 ’ 

12 

151 

109 

77 

"" 22 " 



26 

14 

1 

hie” 

63 

88 

164 

50 


28 

26 

47 

60 

9 

63 





1 

109 

187 



34 

29 

115 

52 

12 

64 





9 

91 

119 



””Bo” 

25 



63 

60 







0 

102 

55 

82 



26 

13 




28 







1 

141 

63 

209 





















__ 
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NUMBERS AND KINDS OF BACTERIA 

Table 5 and Figures 2 and 4 to 10, inclusive, record the changes 
in the number of bacteria in each vat during the fermentation. 
Table 5 includes both bottom and center samples, while the curves 
give only the changes occurring at the center of each vat. In addi¬ 
tion, the curves show the relation between acidity and numbers 
of bacteria in each vat. From the latter it appeal's that changes 
in acidity and numbers of bacteria occur more rapidly in those vats 
which were filled at the higher temperatures. With the exception 
of the 40° F. vat there are at least two high points in the bacterial 
curves. From this fact and also from microscopical evidence it is 
apparent that there is a sequence of microorganisms taking part in 
the fermentations. Figure 11, which represents the fermentation 
in a 10-gallon jar of cabbage kept at 70°, shows this sequence oven 



//s a*y<s 


I’m. 11.—Acidity, hydrogen-ion concentration, and number of bacteria in it 10-gallon jar of fer¬ 
menting cabbage 

more clearly. At the first point showing a high number of bacteria, 
the flora consists of short stubby rods, while at the second point the 
flora is made up largely of long rods. There are undoubtedly addi¬ 
tional types of organisms taking part in the fermentation' which 
are fewer in number and less conspicuous. For example, there are 
the streptococci occurring during the first few days of fermentation, 
and the yeast, the importance of which is more or less uncertain. 

It is clear that there are at least two types of bacteria taking part 
in the fermentation. The first is unable to withstand as high con¬ 
centrations of acid as the second, and is therefore replaced by the 
latter. 

It is worthy of note that although the number of bacteria may rise 
and fall throughout the fermentation, the increase in acidity is quite 
uniform. From this it appears that although the organisms die 
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their enzymes are still active, or else that the new flora which de¬ 
velops upon the death of the old maintains the uniform rate of acid 
production. 

Table 6. —Changes in time of reduction of methylene Hue by sauerkraut during 

fermentation 

[G=center sample; B =bottom sample; a=not reduced in two hours] 


Time of reduction m minutes in— 


Age of sauer¬ 
kraut (days) 

Vat 2 
(initial 
tempera¬ 
ture 

44° F.) 

Vat 9 
(initial 
tempera¬ 
ture 

50° F.) 

Vat 7 
(initial 
tempera¬ 
ture 

52° F.) 

Vat 5 
(initial 
tempera¬ 
ture 

53° F) 

Vat 3 
(initial 
tempera¬ 
ture 

64° F) 

Vat 1 
(initial 
tempera¬ 
ture 

65° F.) 

! Vat 6 
i (initial 
tempera¬ 
ture 

74° F.) 

Vat 4 
(initial 
tempera¬ 
ture 
| 76° F ) 

C 

1 

B 

c 

B 

i C 

i 

B 

C 

B 

C 

B 

C 

! B 

C 

I B 

0 

B 

1. 

a 

a 

a 

40 

11 

a 

a 

a 

a 

11 

a 

40 

13 

a 

40 

13 

1 a 
20 
12 
40 
10 

a 

20 

12 

45, 

9 

a 

40 

13 

15 

40 

95 

80 

5 

8 

25 

10 

80 

5 

8 

28 

10 

8 

25 

34 

9 

40 

120 

75 

5 

10 

35 

8 

75 

5 

10 

35 

8 

8 

40 

120 

8 

40 

75 

3. 

4. 

5. 

6.| 

10 

12 

10 

15 

23 

10 

12 

10 

90 

65 

20 

27 

55 

a 

a 

a 

27 

a 

a 

a 

10 

27 

45 

50 

50 

a 
45 
i a 
a 

a 

a 

45 

a 

a 

a 

20 

45 

a 

a 

a 

7... 

8__ ! 

40 

22 

40 

120 



40 

120 

40 

75 



9.1 

120 

120 

120 

120 

10. 

11....i 

20 

20 

7 

15 

15 

15 

40 

a 

45 

a 

a 

a 

a 

a 

a 

45 

a 

a 

a 

30 

20 

7 
50 
23 

a 

8 

10 

50 

a 

a 

a 

a 

a 

10 

27 

28 
a 

65 

45 

45 

a 

a 

45 

12. 









13____ 

25 

40 

25 

a 

105 

a 

a 

45 

a 

a 

a 

a 


a 

a 

a 

a 

14. 



IS. 



18. 











19._ 












20.. 

i a 

“25 


a 

40 

a 

a 



a 

a 

21... 1 









24. 



45 I 

30 



a 

"is" 



75 

75 





2S. 

40 

a 

a 

40 

a 

25 





26... 











27.i 



105 

T05 



a 

135 



a 

135 





29. 

. 

75 | 

75 j 
165 

a 

a 

‘iST 

105 

a 

a 

45 

150 





32. 











34. 












39. 

















41. 

120 


15 

40 


— 

120 

a 





















In Table 6 are recorded the changes in time of reduction of methyl¬ 
ene blue of bottom and center samples taken at successive intervals 
during the fermentations. Figures 12 and 13 show the correlation 
which exists between the time of reduction of methylene blue and 
the total number of bacteria in the center samples of two vats. A 
cold and a warm vat are selected as examples of this relationship, 
and it is apparent in both cases that when the number of bacteria is 
high the time of reduction of the dye is short. This inverse rela¬ 
tionship seems to indicate that the bacteria shown in microscopic 
preparations are practically all living organisms. 
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Table 7. —Changes in acid-forming ability of organisms in sauerkraut during 
fermentation expressed in percentage oj lactic acid 

[C-center sample, B=bottom sample] 


Percentages of lactic acid in- 


Age of sauer¬ 
kraut (days) 

Vat 2 
(initial 
tempera -1 
ture 

44° F.) 

Vat 9 
(initial 
tempera¬ 
ture 

50° F.) 

Vat 7 
(initial 
tempera¬ 
ture 

52° F.) 

Vat 5 
(initial 
tempera¬ 
ture 

53° F.) 

Vat 3 
(initial 
tempera¬ 
ture 

64° F.) 

Vat 1 
(initial 
tempera¬ 
ture 

65° F.) 

Vat 6 
(initial 
tempera¬ 
ture 

74° F.) 

Vat 4 
(initial 
tempera¬ 
ture 

76° F.) 


0 

B 

C 

B 

C 

B 

C 

B 

0 

B 

C 

B 

C 

B 

G 

B 

1... 

0 33 

0.35 

0.33 

0.49 

0.30 

0.19 

0.32 

0.38 

0.30 

0.32 

0.04 

0.04 

0.30 

0.28 

0.35 

0.10 

2. 

.37 

.36 

.47 

.48 

.30 

.37 

.52 

.50 

.40 

.41 

.22 

.05 

.42 

.46 

.42 

.49 

3. 

.38 

.33 

.44 

.44 

.18 

.07 

.47 

.39 

.29 

.43 

.05 

.02 

.24 

.42 

.44 

. 35 

4. 

.18 

.13 

.05 

.07 

. 17 

.07 

.06 

.06 

.21 

.28 

.03 

.16 

.24 

.19 

.13 

.28 

5. 

. 4(5 

.34 



.07 

. 03 



.33 

.45 



. 35 

.05 



6 . 


.36 

.05 

.05 

. 11 

. 04 



.35 

.47 



.43 

.28 

1 .09 

.05 

7. 

.38 

.38 

.06 

.05 

.05 

.04 

.02 

.03 

.36 

.43 

.06 

.13 

.35 

.44 

.10 

.16 

8-. 

01 

.13 

.19 

.00 

.23 

. 14 

.06 

.08 

. 12 

.17 

.02 

.02 

.14 

.15 

.12 

.00 

9... 

.05 

.00 

.23 

.30 

.17 

.09 

.00 

.00 

.30 

.05 

OO 

.00 

.27 

.14 

.24 

. 00 

10. 



.34 

1 .36 



.29 

.23 



.09 

.05 



.36 

.33 

U_. 

05 




.14 

. 11 



.02 

.03 

. 11 

.22 

.13 

.38 



12.__ 

. 10 

.23 



,02 

. 04 



.23 

.24 







13 

34 

.39 

. 


.33 

. 23 

.29 

. 29 

. 20 

.33 


i 




14 . 



1 .42 

.35 



. 37 

.36 


i 
















i 
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ACID PRODUCTION 

In Table 7 are recorded the data for all of the experimental 
vats, from which samples were taken from day to day and added to 
fresh cabbage juice. The acid formed in this juice was titrated at 
the end of a week. When typical examples of these data are plotted, 
as shown in Figures 14 and 15, it is apparent that there are two 
points at which the ability of the samples to produce acid is at its 
highest. These points correspond closely with the high points in 
the curves showing the number of bacteria. 

Table 8 . —Composition and grading of sauerkraut from experimental vats (wet basis ) 


Age, composition, and quality of 
sauerkraut 

Vat 2 
(initial 
temper¬ 
ature 
44° F.) 

Vat 9 
(initial 
temper¬ 
ature 
50° F.) 

Age in days. 

47 

42 

Moisture (per cent). 

90.7 

90. 9 

Acetic acid (per cent). 

.337 

. 367 

Lactic acid (per cent). 

1.242 

1. 553 

Titratable acid (per cent). 

1.377 

1. 580 

Ethyl alcohol (per cent). 

.511 

. 528 

Reducing sugar (per cent). 

. 08 

. 56 

Quality. 

Very 

good. 

Excel¬ 

lent. 



Vat 7 
(initial 
temper¬ 
ature 
52° F.) 

Vat5 
(initial 
temper¬ 
ature 
53° F.) 

Vat 3 
(initial 
temper¬ 
ature 
04° F.) 

Vat l 
(initial 
temper* 
ature 
05° F.) 

Vat 6 
(initial 
temper¬ 
ature 
74° K.) 

Vat 4 
(initial 
temper 
ature 
76° K.) 

39 

41 

32 

28 

12 

22 

90.9 

91 

90.7 

90. 5 

90.5 

91. 4 

.378 

. 355 

.346 

. 322 

. 266 

. 295 

1.335 

1.367 

1.218 

1.311 

1.062 

1. 506 

1.494 

1. 660 

1. 575 

1.421 

t. 410 

1. 784 

.742 

.487 

.411 

. 320 

.208 

. 598 

.20 

.53 

.44 

1.05 

.76 

. 35 

Very 

good. 

Excel¬ 

lent. 

Poor. 

Poor. 

Fair. 

Fair. 
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Relation of Temperature to Quality of Sauerlcraut 



/ss 


Fig. 13.—Time of reduction of methylene blue and number of bacteria at the center of vat 2 at 
various times during fermentation 
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s/v &^?xs' 


Fig. 14.—Acid-producing ability of samples obtained from 
the center and bottom of vat 4 at various times during fermen¬ 
tation 



Fig. 15.—Acid-producing ability of samples obtained from the center and bottom of vat 2 at 
various times during fermentation 
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COMPOSITION AND QUALITY OF SAUERKRAUT 

Figures 16 and 17 and Table 8 show the composition of the 
experimental sauerkraut in the two series of vats. The best sauer¬ 
kraut was obtained from the vats at the intermediate temperatures; 
at higher temperatures the product was more or less pink and of poor 
quality. Presumably the fermentation at these temperatures went 
on too rapidly, affording conditions favorable for the growth of pink 
yeasts. It is difficult to observe any relation between composition 
and quality of sauerkraut from the data at hand. Undoubtedly the 
flavor is influenced by minute quantities of unidentified products of 
fermentation. As is to be expected in almost every case the amount 
of fermentation products formed is inversely proportional to the 
residual sugar. 

SUMMARY AND CONCLUSIONS 

Evidence is presented which indicates that heat is produced during 
the fermentation of cabbage. 

The rate of acid production in fermenting cabbage is largely de¬ 
pendent upon the temperature of the fermentation. The higher the 
temperature of fermentation the greater the rate of acid production. 

Titratable acidity is a much better measure of the degree of fer¬ 
mentation than are P H determinations. 

The fermentation of cabbage is carried on by a sequence of flora, 
consisting of at least two distinctly different types of lactic acid- 
producing bacteria. 

The time of reduction of methylene blue is of value as an indica¬ 
tion of the number of live bacteria in fermenting cabbage. 

Sauerkraut of the best quality was produced when the maximum 
temperature of fermentation was about 65° F. 
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STRAIN VARIATIONS AND HOST SPECIFICITY OF THE 
ROOT-NODULE BACTERIA OF THE PEA GROUP 1 


By G. E. Helz, I. L. Baldwin, and E. B. Fred, University of Wisconsin 
INTRODUCTION 

Since early in the study of the root-nodule bacteria, observations 
have been made indicating that variations may exist between strains 
of bacteria within a cross-inoculation group, and that such differ¬ 
ences may be closely related to the nitrogen economy of the plant. 
The generally accepted opinion, however, has been that the strains 
of bacteria of a cross-inoculation group are practically identical as to 
their ability to aid the plant in the symbiotic fixation of nitrogen. 
Cultures distributed by public agencies and commercial concerns 
have been selected on the basis of the cross-inoculation group. Prob¬ 
ably some strains are equally good on more than one species and 
possibly on all the members of their group, but there seem to be other 
strains of the nodule organism which show a specificity for a single 
host species, and which are of great benefit to one member of the 
host group, but of relatively little benefit to another member. 

Even though certain strains show a pi’eference for a single host 
species, it is scarcely probable that all of the strains isolated from 
that species would exhibit the same peculiarity. When an organism 
is isolated from a host plant it is usually impossible to determine 
its previous history, and it is possible that a strain isolated from a 
pea nodule may have been associated with vetch or some other host 
of the cross-inoculation group within a few previous generations. 


REVIEW OF LITERATURE 


As early as 1879, Frank (-5) 2 recognized two types of inoculation 
on peas, one type forming nodules with albuminous contents, the 
other forming nodules containing amylodextrin. The albuminous 
ones contained 6.93 per cent of nitrogen in the dry matter as com¬ 
pared to 4.82 per cent of nitrogen in the dry matter of those contain¬ 
ing amylodextrin. 

Beyerinck, 1888 ( 1 ), described two types of nodules: One in which 
the bacteria gained the ascendancy and destroyed the interior, they 
themselves remaining alive; the other, in which the nodule i. e., the 
host plant, received the advantage, the bacteria being converted 
mostly into bacteroids, furnishing food for the plant but incapable 
of growth. 

Nobbe and Hiltner, 1893 (12), inoculated peas with several pure 
cultures one of which gave particularly poor results, the plants being 
inferior in size and color to the others. The nodules produced by 
this culture were very numerous and large, but contained few bacte¬ 
roids. This apparently was the condition which Hiltner in a later 
paper, 1904 (5), described as the fifth type of immunity, i. e., the 
organisms are so efficient in comparison with the plant that the latter 
is injured. 

i Received for publication Sept. 14, 1927; issued January, 1928. Contribution from the Department 
of Agricultural Bacteriology, University of Wisconsin. 

* Reference is made by number (italic) to "Literature cited , 1 ” p. 1053, 
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In another paper Nobbe, Hiltner, and Schmid, 1895 (13), reported 
some work on the efficiency of cultures in cross inoculations.. Organ¬ 
isms from Robinia pseudacacia, Acacia lophanta, Vicia sepium, and 
Pisum were used to inoculate Robinia, Acacia, and ^ Vicia villosa. 
All four cultures produced nodules on both the Robinia and Acacia 
plants. The Robinia culture on Robinia and the Acacia culture 
on Acacia produced very large nodules; the other inoculations pro¬ 
duced very small ones. The vetch did not form nodules when 
inoculated with either Robinia or Acacia cultures. Both the vetch 
and pea cultures formed nodules on vetch, the vetch inoculation 
producing large nodules on the secondary ana tertiary roots, and the 
pea inoculation very much smaller nodules on the tertiary and 
quaternary roots. A summary of the dry weights and nitrogen per¬ 
centages of this experiment is given in Table 1. From three such 
experiments in nitrogen-free sand, Nobbe, Hiltner, and Schmid (13) 
concluded that the various leguminous plants were benefited most 
readily if inoculated with bacteria from nodules of their own species. 

Table 1. — Plant weights and nitrogen percentages obtained by inoculating Robinia , 
Acacia, and Vicia Villosa with various cultures a 


Source of bacteria 

Robinia 

Acacia 

Vicia villosa 

Dry weight 

Nitrogen 
in tops 

Dry weight 

Nitrogen 
m tops 

Dry weight 

Nitrogen 
in tops 

! 

Om . 

Per cent 

am . 

Per cent ! 

Gm. 

Per cent 

Robinia... 1 

7.4020 

3.23 

1.953 

0. 85 

0.7829 

1.40 

Acacia lophanta.„ J 

1.1582 

I. 77 

6.943 

J. 44 

. 8658 

1. 59 

Vicia sepium... 

.8584 

1.45 

1.248 

1. 05 

9.1331 

2.87 

Pisum... 

1.4795 

1.40 

1.817 

.92 

1.0334 

2.22 


° From Nobbe, Hiltner, and Schmid 


In analyzing the above data it must be remembered that this work 
was carried out before many of the later methods for the determina¬ 
tion of pure cultures were devised or before cross-inoculation limita¬ 
tions were fully recognized. The differences obtained by the inocula¬ 
tion of vetch with the vetch and pea organisms, however, probably 
demonstrate a strain variation. 

. In 1900, Hiltner (7) reported some work indicating strain varia¬ 
tions. Filtered Pisum noaulo extract was applied to both Pisum and 
Lathyrus roots. The extract apparently contained some substance 
which caused, a curling of the root.hairs similar to that occurring 
with an invasion of the nodule orgauism. The. curling of the Lathyrus 
however, was much slower, indicating that the organism in the pea 
nodule was more specific for peas (Pisum) than for sweet peas 
(Lathyrus). 

Deh4rain and Demoussy, 1900 (4-), working with the white lupin 
concluded that the amount of nitrogen fixed by it depended on the 
types of nodules produced. They distinguished four types of nodules: 

1. Small nodules placed on the main roots resembling a string of 
beads. The nitrogen-fixing ability of this form was high, the plants 
containing about 3 per cent nitrogen in the dry matter. 

2. Medium-size smooth noduleSj sometimes forming a collar 
about the top of the root. Plants with this type of nodule contained 
about 2 per cent nitrogen in the dry matter. 
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3. Half spherical nodules sometimes encasing the roots (vetch) 
or_someti.rn.es projecting from the roots (alfalfa). The plants having 
this form contained about 1 per cent nitrogen in the dry matter. 

4. Enormously large nodules in the form of a raspberry. Plants 
of this type contained only 0.6-0.8 per cent nitrogen in the dry matter. 

Moore, 1905 (11), made the following statement regarding the 
ability of the plant to receive help from certain types of nodules: 

. Thus, if nodule-forming organisms be grown upon artificial media for a long 
tune, where they are almost invariably in the rod condition, this form becomes 
so firmly established that plants inoculated with such cultures, although forming 
nodules, receive practically no benefit, the nodules remaining firm and hard 
and furnishing no nitrogen to the roots. 

Harrison and Barlow, 1907 (6), discussing cross inoculation between 
pea and vetch, state: 

Gross inoculations have not been observed. Pea and vetch growing in the 
same flask, which was inoculated with vetch culture, formed abundant nodules 
and root infection occurred in the vetch, but the pea showed no infection what¬ 
ever. 

This is difficult to explain in the light of present knowledge, as 
pea and vetch are known to cross inoculate. There is a possibility, 
however, that Harrison and Barlow had a strain which inoculated 
the vetch only. 

New York (Cornell) Experiment Station, 1918 (10), made a pre¬ 
liminary report on the efficiency of different strains of Bacillus 
radicicola in the production of nodules and the fixation of nitrogen 
when transferred from the true hosts to secondary ones. They 
stated that the organisms of peas transferred to vetch produced 
nodules, but without nitrogen fixation. No further report of this 
work has been found. 

Bialosuknia, 1923 (2), from the results of his investigations drew 
the following conclusions in regard to host-plant specificity: 

1. Bacteria of the pea in passing to broad bean form nodules but 
give a minimum effect. 

2. This relationship is not changed by two plant passages. 

Stevens, 1925 (Ilf ), working with various strains of the alfalfa 

root-nodule organism concluded: 

Strains of the alfalfa, sweet clover group of nodule bacteria differ under similar 
conditions in their ability to fix free nitrogen and to benefit the host plant. 

He was able to show differences in the cultural, physiological, 
and serological characteristics of the various strains. 

Wright, 1925 (15,16), demonstrated two types of soy-bean nodule 
organisms which varied greatly in their cultural, physiological, and 
serological properties. These types also differed widely in their 
ability to aid the plant in the fixation of nitrogen. 

In addition to the observations reported in the literature differences 
were noticed in type of nodule development and plant growth in 
both greenhouse and field, due to the use of different strains of bac¬ 
teria on peas. As a result of the above observations, experiments 
were carried out to study further the questions of strain variations 
and host-plant specificity. 

78946—27-6 
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MATERIAL AND METHODS 

Seventeen strains of nodule bacteria were used; however, a major 
portion of the work was clone with only a few of 1 he strains which 
showed significant differences. These strains were all Wisconsin 
stock cultures of various ages, none of which had been through a 
plant passage sinco their addition to the Wisconsin culture collection. 
A summary of the histories of these strains is given in Table 2. It, 
should be noted that strain 15 was secured by picking an isolated 
colony from a plate made of strain S. Immediately before (he 
experiments were begun, the cultures were tested twice for purity on 
m ilk and potato media, according to the method of Lohnis and Hanson 
1921 (9). They were also tested three times for nodule formation and 
were all found to be efficient. During these preliminary tests differ¬ 
ences in the type of nodule production were noticed. 

Table 2. —History of cultures used in experiments 1 to ft 


Wisconsin Year 
strain No. seemed 


Source 


2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

13 

14 

15 


1922 

1921 

1921 
1924 
1918 
1918 
1916 

1922 
1924 
1924 
1926 
1926 
1924 


Isolated from a commercial pea culture. 

Isolated from pea nodule nt. Madison, Wis. 

Secured from University of Illinois, isolated from pea nodule. 

Isolated from pea nodule. (Late Sweets), Urtmnn, 111. 

Secured from U. S. Department of Agriculture, pea culture. 

Isolated from a commercial pea culture. 

Secured from U. S. Department of Agriculture, vetch culture. 

Isolated from commercial vetch culture. 

Isolated from pea nodule (Late Sweets), UrUuiu, 111. 

Do. 

Secured from XT. S. Department of Agriculture, Vicia faha culture. 

Secured from Kluyver (Holland) pen eultuie. 

Secured from University of Illinois; original source U. K. Department of Agriculture, 
vetch culture.* 


20 

21 

22 

23 


1924 

1924 

1924 

1924 


Isolated from pea nodule (Alaska pea), Urlwnu, 111, 
Do. 

Do. 

Do. 


* This culture was secured at tho University of Illinois by replating the. U. H, Department of Agriculture 
vetch culture numbered Wisconsin 8, above. 


With, tho exception of tho first, experiment, tho plants wore grown 
on glacial sand. This sand was found to bo very low in nitrogen, 
and as a result differences in nitrogen fixation were plainly evidenced 
in plant growth. Tho pots were covered with paper after being 
filled with sand and autoclaved at 15 pounds for Hi to 20 hours. 
The seed used in those experiments was freed of the nodule organism 
by immersion in hot water at 65° 0. for four minutes. The plants 
were watered whenever necessary with sterile distilled water. An 
application of liquid culture solution was made every two weeks. 
The solution used was a modification of Bryan’s, 1922 (.?). Tho 
formula follows: 


KCI. 

CaS0 4 _ 

MgS0 4 — 

Ca 3 (P0 4 ) 2 . 

FeP0 4 -~ 

K3PO4— 


10. 0 gm. 
2. 5 gm. 
2. 5 gm. 
2. 5 gm. 
2. 5 gm. 
2. & gm. 
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The salts were ground together in a mortar and used at the rate 
°1 1/2 gDi. per liter of distilled water. After shaking, the solution 
was allowed to stand 24 hours. The clear solution was then decanted 
and sterilized. 

EXPERIMENTAL DATA 

EXPERIMENT 1 

Growth op Green Admiral Peas in Nitrogen-Free Sand, Inoculated 
with Various Cultures 

The white quartz sand used in this experiment was treated with 
hydrochloric acid until all nitrates had been leached out. It was 
then washed thoroughly with distilled water and made up for each 
pot as follows: 


Nitrate-free sand__ 2, 500 gm. 

Nitrate-free kaolin_ ’ 10 gm. 

Nitrate-free CaC0 3 .___~~ 1 gm.* 

Distilled water______ 275 c.c! 


After sterilization, nine pots were planted with seeds inoculated 
with each strain. Six strains were used in this experiment. After 
two months 7 growth the plants were washed out of the pots for 
observation and analysis. The results are given in Table 3. The 
growing conditions during this experiment were very poor, the 
weather being too hot for the growth of peas. The results, however, 
are interesting since they show a wide variation in the nitrogen 
content of the plants inoculated with different cultures. Plants 
inoculated with strain 15 were especially low in nitrogen, suggesting 
that this strain fixes but little nitrogen. 

Table 3.— Dry weight and nitrogen content of Green Admiral 'peas inoculated with 
various cultures , and grown in the greenhouse in nitrogen-free sand; Aprils 1926 


Average Nitrogen 
Inoculated with weight in water- 
strain No.— per plant free 
air dry material 


Gm. Per cent 

15. 0.333 1.88 

20. 328 2.31 

Not inoculated. .336 1.80 


EXPERIMENT 2 

Growth of Green Admiral Peas in Sand, Inoculated with Various 

Cultures 

The peas grown, in glacial sand showed significant differences. 
(Table 4.) The uninoculated plants and those inoculated with 
strain 15 were of a yellowish-green color and very much shorter than 
the other plants. The plants inoculated with strain 13 also did 
not have a normal dark-green color, but were slightly tinted with 
yellow. 


Inoculated with 
strain No.— 

Average 
weight 
per plant 
air dry 

Nitrogen 
in water- 
free 

material 

Total 
nitrogen 
per plant 

2... 

Gm. 

0.308 

Per cent 
2.10 

Mgm. 

0.6468 

4. 

.330 

2.36 

.7788 

6 .... 

. 376 

2.01 

. 7558 

10... 

.312 

2.05 

. 6396 


Total 
nitrogen 
per plant 


Mgra. 

0.6260 
. 7577 
. 6048 
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Table 4. — Color, dry weight, and nodule formation of Green Admiral peas inoculated 
with various cultures and grown in the greenhouse in glacial sand; April , 19)27 


Inoculated with 
strain No.-— 

Color of vines 

Average 
weight 
per plant 
air dry 

2. 

:l_.__. 

Normal green. ... 
.do. 

Gm. 

0.990 
. 915 

4-- . _ 

do. 

.913 

r, 

do.. 

. 901) 

ft__ 

.do. 

. 993 

7 __ 

.do, .. 

1.044 

8.. . 

.do.. 

.971 

9. 

.do... 

1.0IJ 

10_ . 

Pale greon._. 

. 822 

II. . 

Normal green. 

.880 

13-. 

Pale green. 

.777 

14.... 

Normal green..... 

.911 

15-..-. 

Yellowish green .. 

.400 

20__. 

Normal green. 

.955 

21. 

.do__ 

.811 

‘22 

_do.. 

.840 

23 

.do. 

. 795 

Not inoculated... 

Yellowish green... 

.314 


Typo of nodule formation 


Largo nodules on taproot near surface of soil. 

Similar to No. 2. 

Large nodules on taproot near surface, also some seat- 
teied on lower roots. 

Similar to No. 4. 

Do. 

Do. 

Similar to No. 2. 

Do. 

Similar to No 4, but nodules somewhat smaller. 
Similar to No. 4. 

Nodules fairly well scattered over roots; many small 
ones. 

Similar to No. 2. 

Very small nodules seat teied throughout roots. 

Similai to No. 4. 

Do. 

Do. 

Do. 

An occasional nodule; located anywhere on roots. 


It is interesting to note that a relationship seems to exist between 
the position of the nodules on the roots and tho benefit derived by 
the plant. The cultures which wero of greatest benefit to the plant 
produced large nodules, practically all of which were located on or 
near the primary root and near the surface of tho soil. Strain 15 
produced a large number of nodules, all of which wero exceedingly 
small. These were scattered over the entiro root system, as many 
appearing on the lower as on the upper roots. Strain 13, and to a 
lesser extent strain 10, produced medium-size nodules which wero 
scattered over the roots. 

The uninoculated plants and the strain 15 inoculated plants pro¬ 
duced only a few pods which contained 2 or 3 poas per pod. All 
other plants produced several large pods containing 5 and G poas 
per pod. 

EXPERIMENTS 3 AND 4 

Growth op Alaska Peas in Sand, Inoculated With Various Cultures 

The plants in experiment 3 wore harvested and the observations 
recorded (Table 5) after six weeks’ growth. The differences in growth 
are shown in Figure 1. Tho pots are numbered with tho number of 
the strain used in inoculating them. Tho plants which showed a 
pronounced yellowish color are the uninoculatod, No. 12 and No. 15. 
Plants inoculated with strain 13 did not grow as well as the others, 
but had a healthy green color. Pot 12 was inoculated with a Bacillus 
radiolacter culture and the plants produced no nodules. Tho differ¬ 
ence in color of plants inoculated with strain 15 and those inoculated 
with the other strains is well defined. Although numerous nodules 
were produced on the roots of these plants, there was apparently no 
benefit received as the plants did not develop any further than the 
controls. 
































Fig. l.—Variations in the growth of Alaska peas (JPisum sativum) induced by inocula¬ 
tion with various strains of bacteria: A, Pots containing plants uninoculated and inocu- 
ulated with strains 2, 3, 4, 5, 6, and 7. B, Pots containing plants uninoculated and 
inoculated with strains 8,9,10,11, 12, and 13. C, Pots containing plants uninoculated 
and inoculated with strains 14, 15, 20, 21, 22, and 23 
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Table 5.—Color, height, dry weight, and nodule formation of Alaska peas inocu¬ 
lated with various cultures and grown in the greenhouse in glacial sand; February, 
1937 


Inoculated with 
strain No.— 

Color of vines 

Height 
of plant 

Aveiage 
weight 
per plant 
air dry 

Type of nodule formation 

2 . 

Normal green. 

Inclm 

18 

Gm . 

0.754 

Large nodules on taproot near surface of soil. 

3 . 

_do.-. 

18 

.588 

Similar to No. 2. 

4 . 

_do. 

19 

. 073 

Many nodules on taproot and scattered on 

5 . 

_do. 

20 

. 083 

upper roots. 

Similar to No. 4. 

f> . 

.do. 

21. 

. 004 

Do. 

7 . 

_do.— 

20 

. 759 

Do. 

8 . 

_do_ 

19 

. 030 

Similar to No. 2. 

9 .i 

.do. 

20 

. (590 

Do. 

i6. . 

... do. 

20 

. 640 

Nodules somewhat smaller and more scat¬ 

11 .. 

.do_ 

19 

.575 

tered than No. 4. 

Similar to No. 4. 

13 , . 

....do. 

17 

. (500 

Nodules somewhat smaller and more scat¬ 

14 . 

__do. 

21 

.572 

tered than No. 4. 

Similar to No. 4. 

15. 

Yellowish green--- 

14 

. 535 

Many very small nodules scattered nil over 

20. 

Normal green. 

21 

, 553 

roots. 

Similar to No. 4. 

21 . 

.do. 

20 

. 541 

Do. 

22 

.do. 

20 

.570 

Do. 

23 . 

_do. 

22 

. 5(52 

Do. 

Not inoculated..- 

Yellowish green--- 

13 

.539 

One pot ofsix contained a few nodules. 


The nodules on the plants inoculated with strain 15 differed greatly 
from those on the other plants. The nodules were very small and 
scattered very low on the roots. (Fig. 2, A.) Practically no nodules 
formed on the taproot. Most of the nodules appeared undeveloped. 
The roots inoculated with strain 3 had large nodules on the taproot 
and upper side roots. (Fig. 2, B.) Practically no nodules appoarod 
low in the roots. The nodules produced by all strains except 10, 13, 
and 15 were very similar to this type. Strains 10 and 13 gave nodules 
which seemed to be intermediate in type between Nos. 3 and 15. 

Experiment 4 was a repetition of Experiment 3, and the results 
were very similar. (Table 6.) All of the cultures except strain 15 
showed increases in growth over the controls. The plants inoculated 
with strain 15 produced even less dry weight than the controls. This, 
however, may have been due to the fact that the controls formed a 
few nodules, apparently from air contamination. 


Table 6. — Color, dry weight, and nodule formation of Alaska peas inoculated with 
various cultures and grown in the greenhouse in glacial sand; February, 1937. 
Duplicate of experiment shown in Table S 


Inoculated with 
strain No.— 

Color of vines 

Average 
weight 
per plant 
air dry 

2. 

Normal green. 

Gm. 

1.073 
1.110 
1.128 
1.053 
1.063 
1.119 
1.146 
1.052 
1.044 

1.054 

.922 

.932 

.647 

,920 

.927 

.950 

.929 

.729 

3. 

.do..."... 

4. 

.do... 

5. 

.do... 

6. 

.do. 

7. 

_do_ 

8 ... 

... .do .... . 

9. 

.do.. 

10-. 

.do..... 

11. 

_do. 

13. 

Pale green 

14. 

Normal green 

15. 

Yellowish green... 
Normal green 

20. 

21. 

_do__ 

22. 

_..do___-_ 

23. 

_do_-__ 

Not inoculated-— 

Yellowish green— 


Typo of nodule formation 


Large nodules practically aH on taproot. 

Similar to No. 2, 

Nodules on taproot and scattered in upper roots. 
Similar to No. 4. 

Do. 

Do. 

Do, 

Similar to No. 2. 

Nodules somewhat smaller and more scattered than 
No, 4. 

Similar to No. 2. 

Similar to No. 10, t 

Similar to No. 2. 

Very small nodules scattered throughout root system. 
Similar to No. 4. 

Do. 

Do. 

Do. 

An occasional nodule. 
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'Fig. 2.—-Roots of Alaska peas ( Pisum sativum) showing type of nodule formation: A, Inoculated with strain 15. Numerous small 
nodules, scattered all over the root system. B, Inoculated with strain 3. Relatively few large nodules, placed almost exclusively on 
the upper parts of the root system 
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EXPERIMENT 5 

Growth op Vicia fab a, Lathyrus odoratus, Vicia villosa and Lens escit- 
lenta in Sand, Inoculated with Various Cultures 

The fact that strain 13, which was known to have been isolated 
from Vicia faba, did not give as good results on peas as the pea cul¬ 
tures brought up the question of whether it would benefit its own- 
original host plant more than would a pea culture. 

VICIA faba 

Vicia faba was, therefore, inoculated with strains 13 and 20. The 
plants inoculated with strain 20 (Table 7) were somewhat better than 
the controls, but similar to them, both having wilted and dried lower 
leaves. (Fig. 3, A.) The Vicia faba culture, strain 13, produced a 
veiy good growth of plants, the dry matter produced being greater 
than that of the plants inoculated with strain 20. 

The nodules produced by strain 20 (fig. 4, A) were very small, 
and similar to those of the lupin type. They were fairly well scat¬ 
tered over the root system. The nodules produced by strain 13 
(fig. 4, B) were very large and well formed, being placed on the upper 
roots near the surface of the soil. The roots of a plant from an 
uninoculated pot (fig. 4, C) contained no nodules. 


Table 7. — Color , dry weight , and nodule formation of broad bean inoculated with 
strains IS and 20 and grown in the greenhouse in glacial sand; February , 1927 


Inoculated with 
strain No. — 

Color of vines 

Average 
weight 
per plant 
air dry 

Typo of nodule formation 

13. 

Normal green; all leaves healthy.. 
Pale green; lower leaves dried. 

Orn. 

0.077 

Many large, well-formed nodules. 

M any small, scattered, underdeveloped 
nodules. 

No nodules. 

20. 

. 000 

Not inoculated - 

Yellowish green; lower leaves 
dried. 

1 

.040 


LATHYRUS ODORATUS 

On sweet peas as on garden peas strain 15 gave very inferior 
results. (Table 8.) It appeared that the plants were/not only 
suffering from a nitrogen deficiency, but that the organisms on the 
roots were actually parasitic. The dry weight of the plant inocu¬ 
lated with strain 15 was even less than the weight of the uninoculated 
plants. 


Table 8 . — Color , height , dry weight, and nodule formation of sweat peas inoculated 
with various cultures and grown in the greenhouse in glacial sand; April, 1927 


Inoculated with 
strain No.— 

Color of vines 

Height 
of plants 

Average j 
weight i 
per plant 
air dry 

Type of nodule formation 

13. 

15. 

20. 

Not inoculated— 

Normal green. 

Pale green. 

Yellowish green... 

Normal green. 

Yellowish green... 

Inches 

20-26 

16-18 

4-8 

20-30 

C 

! 

Gm. 

1.363 

.488 

.310 | 

1. 268 

.429 

Large well-formed nodales on taproot near 
surface of soil, 

Fair-sized nodules on upper foots; some 
scattered low in roots. 

Very small nodules scattered throughout root 
system. 

Large well-formed nodules on taproot near 
surface of soil, 

No nodules. 
















CONTROL; 


TS'Trt <i r —variation in ulant crowth induced "by inoculation with various strains of bacteria. .A.* 
Broad bean (Vida faba). Plants inoculated with strain 13 have made better growth than those 
Soculated with strain 20. B, Sweet pea (Lathyrus odoratus ). Plants inoculated with strain 20 
have made much better growth than those inoculated with strain 13 
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The plant growth of the sweet pe^&s was much influenced by the 
use pi different cultures. (Fig. 3, B.) The plants inoculated with 
strain 15 were yellowish light green similar to the controls. Plants 
inoculated with strain 13, although producing more dry matter, were 
very thin and weak. Strains 3 and 20 gave excellent dark green 
plants. 

The nodules on the plants inoculated with strain 13 (fig. 6, A) were 
of medium size and scattered fairly well on the side roots near the top 
of the plant. The roots inoculated with strain 15 (fig. 6, B) had ex¬ 
ceedingly small nodules scattered throughout the root system, many 
being located low on the roots. The nodules produced by strain 20 
(fig. 6, C) were large and located on the taproot and upper side roots 
near the taproot. 

VICIA VILLOSA 

Differences produced in the growth of hairy vetch inoculated with 
various cultures are given in Table 9. Strain 13 apparently produced 
just as good a growth of vetch, as did either strains 3 or 20. (Fig. 
5, A.) The nodule placings on plants inoculated with strains 3, 13, 
and 20 were very similar. Strain 15, however, produced much smaller 
nodules somewhat lower on the roots. 

Table 9. — Color, dry weight, and nodule formation of hairy vetch inoculated with 
various cultures and grown in the greenhouse in glacial sand; April, 1927 


Inoculated with 
strain No.— 

Color of vines 

Average 
weight 
per plant 
air dry 

Type of nodule formation 

i 

3. 

Normal green _ 

Gm. 

0.375 

.395 

.150 

.343 

.163 

Large well-formed nodules scattered on roots. 

Very many small nodules scattered on roots. 

Large well-formed nodules scattered on roots. 

None. 

13. 

.do.. 

15. 

Yellowish green. 
Normal green._ 

20. 

Not inoculated... 

Yellowish green... 


LENS ESCCJLENTA 

The results obtained in the growth of the lentil are given in Table 
10. Figure 5, B, shows the relative differences in growth. The results 
were very similar to those obtained with the vetch, strain 15 being 
the only one which did not show a great benefit to the plant. 

Table 10. — Color, dry weight, and nodule formation of lentil inoculated with various 
cultures and grown in the greenhouse in glacial sand; April , 1927 


Inoculated with 
strain No.— 

Color of vines 

Average 
weight 
per plant 
air dry 

Type of nodule formation 

3. 

Normal Green.... 
_do_-_ 

Gm. 

.735 

.626 

,450 

.663 

.455 

Many large nodules in upper roots. 

Many fairly large nodules in upper roots. 

Many very small nodules scattered throughout roots. 
Many large nodules on tap and upper roots. 

An occasional nodule. 

13. 

15_ ..! 

Yellowish green— 
Normal green__ 

20. 

Not inoculated.-. 

Yellowish green.-- 
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' F strafn7^ a w2?iJ r 'A P CT?' Br0 T t ? by inoculation with various 

5SJ55 ofoacteria. A, Hairy vetch (View villosa). Plants inoculated with 
sjmuis \ 3 a £ d 20 have made about equal growth ' B LmSi f/iS 

equafg?owth lail C S Green Ad^tSV tral ?p* 13 and 20 ha ^° made about 
Med JSfh Siin on hS? n S? l.P eas ( Pl8um sativum). Plants inocu- 

strata!^ tta 20 have mad « better growth than those inoculated with 
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DISCUSSION 

The fact that strain variations may exist which affect the ultimate 
benefit derived by the plant is clearly demonstrated. A nodule 
oi'ganism which originally was isolated from Vida faba (strain 13) 
gave excellent plant growth when used with V. faba in comparison 
with a culture (strain 20) originally isolated from pea. (Fig. 3, A.) 
This relationship was exactly reversed when the two cultures were 
used to inoculate peas, the pea strain (No. 20) giving the better 
results. (Fig. 5, C.) On vetch and on lentil the V.faba strain appar¬ 
ently was as efficient as any of the pea strains. On sweet peas, 
however, a great difference was again shown, the inoculation with 
the pea cultures giving very good results in comparison with the 
V.faba culture. 

The location of the nodules in a root system and the size of the 
nodules seem to give an indication of the effectiveness of a culture. 
Strain 13 on Vida faba (fig. 4, B) produced abundant, large nodules 
in the upper roots. This culture on sweet peas (fig. 6, A) produced 
smaller nodules scattered over the root system. With strain 20 
the reverse took place. The nodules on the sweet pea were located 
on the taproot and other upper roots (fig. 6, C), while those on the 
V . faba were scattered throughout the root system (fig. 4, A). 
In general, throughout this work the cultures which were beneficial 
to their host plants produced large nodules on the taproot or other 
upper roots of the plant. Those cultures which were not so bene¬ 
ficial formed small nodules scattered throughout the root system. 

In each of the experiments on all of the host species strain 15 was 
shown to be unable to aid the plant. Although an abundance of 
nodules was always formed, the plants never grew any better than 
the uninoculated plants. In fact, the growth oi the plants inoculated 
with stram 15 was often poorer than that of plants having no nodules. 
The possibility exists that this organism, though able to stimulate the 
plant in the formation of nodules, is yet unable to fix nitrogen, and 
that any nitrogen going into the make-up of the organism is derived 
from the plant. 

CONCLUSIONS 

Not all strains of the pea-nodule organism are identical in their 
ability to aid the host plant. One strain was found which produced 
nodules on all five of the host species studied, but which did not 
benefit the plant. 

A strain specificity has also been demonstrated. A culture origi¬ 
nally isolated from broad bean (Vida faba) produced better results 
on V. faba than did a culture originally isolated from peas. The 
pea culture, on the other hand, gave much better results on both peas 
and sweet peas than did the V. faba culture. 
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INTRODUCTION 


Strawberries in California are relatively free from the common 
diseases of this important small-fruit plant. This is undoubtedly due 
to the climatic peculiarities of California, and especially to its dry, 
rainless summers. Because of the low atmospheric humidity during 
the growing season, powdery mildew and the various fungous leaf 
spots which are so destructive in humid strawberry-growing sections 
arc of very little importance in California. Also, the damage to the 
berries from fruit-rotting organisms ordinarily is relatively negligible, 
except in years of abnormally late spring rains. 

By far the most important disease of the strawberry in California 
is xanthosis, or yellows, which forms the subject of the investigations 
here reported. In the central California coastal region this disease 
is so destructive as to be the limiting factor in. strawberry growing. 
The productiveness of the strawberry plantations of this region has 
boon on the decline for a number of years. The length of life of the 
plantings has also decreased. While formerly it was customary to 
crop strawberry plantings for 4 years, and 5 and even 6 year old 
patches were not uncommon, now 3 years is the normal life of straw¬ 
berry plantations in this region, 4 or 5 year old plantings being very 
rare. So, during the last 8 to 10 years, the average life of a straw¬ 
berry plantation in this locality has been reduced by at least 1 year. 
The* quality of the fruit also has become inferior. The cause of this 
general decline has remained obscure. Red-spider or insect injury, 
excessive irrigation, or not enough, soil conditions such as alkah, 
lack of drainage, etc., and variety degeneration, all have been ad¬ 
vanced by different growers as possible causes for this decline. 
Homo (?T* was the first investigator to recognize the fact that a 
definite and specific disease was involved and to give a pathological 
description of it. Just where and when the disease originated is not 
known. It was first reported from the Watsonville district in 1915 


i Received for publication Aug, 13, 1927; issued January, 1928. This 
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for the degree of doctor of philosophy. Published with the approval of the Director of the California Agn- 

CU ! GrateftilaclmowiedraLent is made to E. E. Smith, under whose direction these studies were carried 
out, for valuable advice and assistance; to W. T, Horne for his sympathetic interest_and helpful 
to + E Rawlins for advice and assistance m connection with the cytological phase of the wort, ana, to 
H H P. Severin for directing the experiments which established the nonrelation between the causal agents 
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by H. A. Hyde, who sent specimens of affected plants to William T. 
Horne. It was in the hope of obtaining some information concern¬ 
ing the nature of the disease that the present investigation was 
undertaken in the spring of 1924 at the suggestion of Ralph E. Smith. 

NAME OF THE DISEASE 

In a preliminary report (12) the term “yellows'’ was tentatively 
applied to this disease. This name is unsatisfactory, however, 
because it is not specific. A great number of plant, diseases are 
designated by the term “yellows,” some of which, like aster yellows 
and peach yellows, belong to the same class (virus) of plant diseases 
as the one under consideration, while others (cabbage yellows, for 
example) are caused by well-known fungous parasites. For these 
reasons it was decided to name this new disease of the strawberry 
“xanthosis,” the Greek equivalent of yellows. 
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1.—Photograph showing the systemic nature of xanthosis. The mother plant (I) ia (UhoiukkI. 
and so aro the four young runner plants ( 2 , 3, 4, and 5) that have come from it 


DESCRIPTION OF THE DISEASE 

/iw 6 ? aost COI }spicuo u s external symptoms (pi. 1) of xanthosis are: 

characteristic crinkling and curling, and usually upward cupping 
of the leaves. (2) Yellowing of the leaves around the margin ana 
“ tt , the lafger veins (3) Dwarfing of the leaves, both petioles 
and blades. (4) Marked stunting of the growth of the entire plant. 
)m, 4 r . em ature reddening, or autumnal color of the older outer leaves. 
( ins is not a very definite symptom, because the loaves of healthy 
plants also assume a similar color with age or when affected by frost. 

ST® u e £ i leave . s dlseased turn color earlier than those 

P ants t* 16 same age.) (6) The disease is transmitted 
£™ ugh V? e rulers; i. e., every daughter plant arising from a runner 
trom a diseased mother plant becomes diseased. (Figs, l and 2.) 


Strawberry Xanthosis 


Plate I 
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(7) The first externally visible symptoms manifest themselves in 
the aerial part of the affected plant; the root system appears per- 



Fig. 2.-“Photographs showing both the systemic character of xanthosis and the fact that it is not 
caused by a soil-inhabiting pathogenc. A, Plants in sterilized greenhouse soil; B, sand cultures; 
a, first-generation runners from diseased Banner plant; &, second-generation runners. The 
daughter plants remain diseased even when grown on sterilized soil or sand cultures 

fectly healthy during the early stages of the disease. (Fig. 3.) 
Later on, root decay may set in. (8) The affected plants do not die, 
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but they never recover, remaining permanently si unit'd.' 1 (») Leaves 
that are fully grown at the time of in lection remain hen Ithy. (>nly the 
very young leaves and those developing alter (lie plant, has become 
infected show the chlorotic and distorted symptoms eharjiieristic. of 



Fig. 3.— Young typically diseased Banner plant, with normal and ■well-developed root system, 
illustrating the fact that the top of the plant first shows the disease symptoms 

the disease. (10) The fruit is not directly affected; but because of 
the reduced vitality of the plant, and the smaller loaf area, the fruit 
is smaller in site and hence is considered inferior in quality. 


\ Dying of individual vinos or of several plants in spots in the Held is quite a common occurrence, and 
tins dying has been attributed by many growers to the disease under consideration. Although the writer 
does not know the cause or causes of this dying of strawberry plants, ho is satisfied that it is not a phase of 
the disease under discussion, since it occurs also in localities where the disease has not been found, 
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The symptoms as described apply to what may be termed “typi¬ 
cal” specimens. By this is meant infected Marshall and Marshall¬ 
like 5 varieties of strawberries grown under field conditions in the 
central California coastal region. This definition becomes necessary 
because under certain conditions the symptoms may become partly 
or wholly masked. Thus, it was found that if typically diseased 
plants are grown in the greenhouse under cages at 70° to 90° F., 
the distortion and curling of the leaves usually disappear, although 
the other symptoms, stunted growth and a chlorotic condition, 
continue to persist. Varieties which show a certain degree of resist¬ 
ance to the disease do not exhibit all the typical symptoms even 
when grown side by side with susceptible varieties. 

GEOGRAPHICAL DISTRIBUTION 

The disease, while most widespread and most destructive in the 
central coast, district of California, is by no means limited to this 
region. During the summer of 1925 a careful survey of the straw- 
berry-growing sections of California, Oregon, and Washington was 
made. In California the disease was not found south of the Salinas 
Valley on the coast or south of Fresno in the interior. It was found, 
however, to a limited extent in the San Joaquin and Sacramento 
Valleys, in Placer County, and in the Sacramento River canyon—in 
fact, wherever the Banner or Oregon varieties of strawberries are 
grown. It was also found in Oregon and Washington. Whether 
it occurs in other parts of the country is not known. It has never 
been reported from any of the other strawberry-growing States. 
In England there are apparently several obscure strawberry diseases, 
variously described by different investigators as “red plant,” “cau¬ 
liflower,” “patch,” and “little leaf.” While most of the English 
investigators, Johns (§), Lees and Staniland (JO), and Ballard and 
Peren (2), are apparently satisfied that these different terms are 
synonyms for the same disease, caused by the eelworm Aphelenchus 
fragariae Ritz., others, Turner (17) and Beaumont (5), entertain 
doubts as to the cause and suggest the possibility of their being 
diseases of the virus type. 

EXTENT OF DAMAGE 

It is not easy to determine the extent of the losses caused by 
xanthosis, as accurate statistics are lacking. In the hot, interior- 
valley strawberry-growing sections the damage is relatively small, 
for under these conditions the infection does not spread readily and 
the infected plants do not degenerate very rapidly. In the central 
coastal region, however, the losses are tremendous. An average 
estimate of a 50 per cent decrease in productiveness of the straw¬ 
berry plantings in this region is, perhaps, not at all exaggerated, 


«The Marshall is, of course, a well-recognized horticultural variety ( 6 ), which has been under cultivation 
since 1890. The Oregon, too, has been recognized as a distinct variety (6*). In California one of the chief 
commercially grown strawberries has also been accepted as a distinct variety under the name “Banner.” 
These three varieties are so similar, both in their vegetative growth and in the appearance of their fruit, 
that there is a question in the minds of many horticulturists and practical growers whether they are in 
reality distinct varieties. In addition, as if to make the confusion more complete, several local names— 
Oregon Improved, New Oregon, New Oregon Improved, Oregon Plum, Rose, and Tuttle—have been 
given to these varieties, or to what are claimed to be improved strains of these varieties. So the term 
“Marshall-like " or “Marshall type’* is used in this paper to cover all these closely related varieties or 
forms. 
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considering the threefold nature of the damage. # First, there is a 
decrease in the total yield of fruit, due to the stunting and decreased 
vitality of the plants. Second, because of this decreased vitality 
and smaller leaf area the fruit is generally smaller in size and there¬ 
fore inferior in selling value. Third, the life of the plantation becomes 
shorter. Not infrequently young plantings in the vicinity of old, 
infected fields become so badly diseased the first year, because of 
infection during the early age of the plants, that they are plowed up 
the second year. Such plantings arc a total loss, since no fruit is 
produced the first year of planting. 

ETIOLOGY 

t Since the disease was apparently new, and search in the pathological 
literature of the strawberry failed to give any idea as to its cause, it 
was necessary to investigate a number of factors as possible causes 
in the hope that, by the process of testing and eliminating the 
pathogenic factor might be discovered. The following hypotheses 
were considered: 

1. That the disease is a direct injury caused by the red spider 
(.Tetranychus telarius Linn.) 

2. That it is caused by adverse soil conditions, especially by the 
accumulation of salts in such quantities as to produce “alkali” 
conditions. 

3. That it is caused by some soil-inhabiting organism. 

4. That it is caused by an infective virus. 

5. That it is caused by what has been termed “lack of perio¬ 
dicity.” This last hypothesis was early rejected as tin tenable, how¬ 
ever, since it was observed that it was not necessary for plants to 
overwinter under the mild California climate in order to become 
diseased. In the spring of 1925 plants that had overwintered in 
Michigan, where they certainly had become dormant, as well as 
plants that had overwintered in Oregon, developed the xanthosis 
symptoms the first season, when planted in Berkeley in the vicinity 
of infected plants, just as readily as those that had been growing in 
California continuously. 

In the hope of obtaining a lead for possible lines of attack of this 
problem, the following preliminary experiments were curried out. 


EXPERIMENT 1 


From a 2 year-old patch in Mayfield, which showed a high percent¬ 
age of infection, typically diseased as well as apparently healthy 
plants of the Banner variety were removed very carefully so as to 
disturb the root system as little as possible, and transplanted in 7-inch 
pots as follows: 

1. Fifteen diseased plants on soil taken from the field in which 
they had been growing. Untreated. 

as but the tops of the plants were first dipped in a light 
oil (v olck) emulsion to kill the red spiders with which the leaves were 
infested. 


3. Fifteen plants on good greenhouse soil. 

4. Fifteen apparently healthy plants on the same soil as 1. 

5. hitteen apparently healthy plants on same soil as 3. 

The experiment was started on May 20, 1924, and the plants 
discarded on July 10, 1925. 


were 
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No difference was observed during the course of the experiment in 
the appearance of the originally diseased plants, either between those 
of lots 1 and 3 (growing on different kinds of soil) or between lots 1, 
and 2 (dipped and not dipped). Furthermore, the disease gradually 
developed in the originally normal-appearing plants of both lots 4 and 
5, until by the end of August, 1924—i. e., about two months after 
transplanting—every plant in these two lots had developed typical 
yellows symptoms. 

EXPERIMENT 2 

Healthy young Banner plants (first-year runners) were planted in 
7-inch pots as follows: 

1. Twenty-five plants on soil taken from a diseased patch at San 
Lorenzo. Untreated. 

2. Twenty-five plants on same soil as 1 but after it had been dis¬ 
infected by thoroughly soaking with formaldehyde solution (1 pound 
in 4 gallons of water) two weeks before planting. 

3. Twenty-five plants on rich greenhouse soil. Untreated. 

4. Twenty-five plants on the same soil as 3 which had been dis¬ 
infected in like manner as 2. 

The pots were put in saucers, watered carefully so as to avoid 
leaching the soil and placed outdoors in the plant pathology garden in 
Berkeley. There were diseased plants in the vicinity (about 25 feet 
away), and no effort was made to protect the healthy ones from insects. 
The experiment was started on July 15, 1924, and the plants discraded 
13 months later. 

It was thought that if the causal agent was a soil-inhabiting organ¬ 
ism, the plants of lot 1 would contract the disease, since this soil came 
from a heavily infected patch and was not treated in any way, while 
those of lot 2, grown on disinfected soil, would remain healthy. Fur¬ 
thermore, if the causal agent was not a living organism but some 
physical or chemical pecularity of the soil, the plants of lot 3, which 
were grown on a different kind of soil (rich greenhouse soil on which 
no strawberries had ever been grown), would not develop the disease 
Lot 4 was used as a check to test any possible effect of the disinfectant 
on the soil. 

The plants in all four lots grew vigorously, producing runners 
profusely. By the end of September of the first season four plants 
in lot 2 began to show signs of decline, but none developed typical 
xanthosis symptoms, All those of the other lots appealed healthy. 
By the end'of May of the following year—i. e., about 10 months after 
planting—the condition of the plants was as shown in Table 1. 

Table 1 . —Number of plants of the Banner variety used in experiment 8, treatment 

of each lot , and number of plants in each lot which showed typical xanthosis symp¬ 
toms 10 months after planting 


;Ot 

No. 


Treatment 


1 Planted on undisinfected soil from heavily infected patch. 

2 Same soil as in 1, but disinfected with formaldehyde.. 

3 Planted on rich greenhouse soil; untreated.. 

4 Same soil as in 3, but disinfected with formaldehyde. 


Number of 
plants used 
in experi¬ 
ments 

Number of 
xanthotic 
plants 

25 

4 

25 

10 

25 

7 

25 

5 
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By the time the experiment whs discontinued (August 10, 1025) 
practically every plant in each lot was showing symptoms of disease. 
The evidence from these two preliminary experiments, while not final 
or conclusive, appeared to indicate that xanthosis was caused neither 
by soil conditions (physical or chemical) nor bv a soil-inhabiting 
organism, nor was it a manilestation ol rod-spider injury. It was 
observed that lots 2 and 3, which were situated nearest to a patch of 
diseased Banner plants, wore the fiiist to show yellows symptoms. 
From this, and also from the general symptomatology of xanthosis, 
as well as from field observations, the writer was led to suspect, that 
perhaps he was dealing with a disoaso of the virus type which was 
transmitted by insects. Subsequent experiments confirmed this 
suspicion. 

Experiments were also carried out to test the three other suspected 
causative factors, namely, red spiders, adverse soil conditions, and a 
soil-inhabiting pathogenc. Since all these tests gave negative results, 
and since the evidence establishing the virus nature of xanthosis 
is, in the writer’s estimation, definite and conclusive, it. is not con¬ 
sidered necessary to give hero a detailed description of these experi¬ 
ments. The negative evidence is therefore presented hero in a brief 
form. 

EVIDENCE THAT XANTHOSIS IS NOT CAUSED 1»Y THE 
RED SPIDER 

Xanthosis symptoms are distinctly different from those of rod- 
spider injury. Red-spider-aflected leaves show irregular, character¬ 
istically discolored areas, chiefly on the lower surfaces, produced by 
the chafing mouth parts of the mites, and gradually turn a brownish 
color and diy up because of loss of moisture through the injured 
epidermis, but they never develop the marginal chlorosis, the severe 
stunting, or the crinkling and cupping which are typical characteris¬ 
tics of xanthosis. 

Field observations do not show any correlation between red-spider 
infestation and prevalence of xanthosis. Healthy plants can be 
found in the field heavily infested with red spiders; and, conversely, 
typically xanthotie plants cun be found practically free front them.' 

Diseased plants when kept free from red spiders by spraying 
frequently with light oil (Volck) emulsion did not recover. 

Healthy Marshall plants in cages wore heavily infested, artifi¬ 
cially, with red spiders. During the four and one-half months that 
these plants were kept under observation they developed none of the 
xanthosis symptoms. 

EVIDENCE THAT XANTHOSIS IS NOT CAUSED BY SOIL CONDITIONS 

In California strawberries are grown only under irrigation. For 
the most part the matted-row system of planting is used. The vines 
are planted on ridges about 2 feet wide and about 8 inches high. 
The mother plants are set in two parallel rows at the edges of these 
ridges, about 18 inches apart, and the runners are allowed to root 
very close, 6 to 8 inches apart, so that the entire ridge is occupied by 
plants, forming a rather dense, matted row. (Fig. 4.) Tho plants 
are irrigated by completely filling with water tho ditches between the 
rows. This is done once a week, and sometimes oftoner during the 
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summer. For the central California coast district, where the soil is 
usually heavy, this method of culture is, perhaps, the most unfavor¬ 
able one that could be devised. As no provision is made for drainage, 
the water stands in the ditches until it evaporates, very little being 
lost through percolation. Cultivation after each watering is prac¬ 
ticed usually only during the first season but not during subsequent 
years, as it interferes with the picking of the fruit. As the fruit 
pickers walk in the ditches, the soil there becomes badly packed, 
making for very unfavorable drainage and aeration conditions. A 
system of culture of this sort naturally favors the accumulation of 
salts, especially if the irrigation water happens to be saline, and this 
is often the case. In view of this situation it was at first thought 
that the disease might be due to these adverse cultural practices, 
resulting in an unfavorable soil reaction; too high a concentration of 
some particular injurious substance, like Na 2 C0 3 , or in a too high 



Fio* 4,* -A wolkMinul-for first-year planting, showiug the matted-row typo of strawberry culture in 
vogue in C-nliforniu. At the t-lmo this picture was token, in early summer, this patch showed 
about 10 per cent xanthosis infection; by fall practically every plant had become diseased 


total concentration of salts. That a similar view was held by others 
is seen from a brief popular article (f) in which it is stated, more or 
loss as a fact, that this trouble is due to excessive concentration of 
salts, and tho belief is expressed that rainfall may solve the trouble 
by washing out the salts. Accordingly, during the early summer of 
1924, soon after this study was undertaken, representative samples of 
irrigation water and of soil from healthy and diseased patches were 
collected and analyzed in an attempt to determine whether or not 
there was any direct correlation between the reaction of the soil 
solution and the disease, or between the concentration of a particular 
salt, or the total concentration of salts in the soil and the disease. 
Only tho ions of the salts that are likely to accumulate in quantities 
large enough to produce alkali conditions—i. e., Ca, Mg, Na, HCO s , 
S0 4 , and 01—-wore determined. 

The results of these analyses failed to show any definite positive 
correlation between the occurrence of xanthosis and either the reae- 
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tion (Ph) of the soil solution or the accumulation of salts in the soil. 
It is true that, for any one particular held, soil samples lrom spots 
containing badly xanthotic plants usually showed a higher total 
concentration of salts than the samples lrom spots having healthy or 
only slightly affected plants, but this relation does not hold true 
when samples from different fields are compared.. For example, soil 
samples from a patch having typically xanthotic plants showed a 
total salt concentration of 346 parts per million, while samples from 
another field having healthy plants showed a total salt concentration 
of 1,200 to 1,400 parts per million. 

Futhermore, it was observed soon after the analytical studios wore 
undertaken that xanthosis occurs on soils in which alkali conditions 
can not possibly exist. For example, it was found on Banner plants 
in a garden in the Santa Cruz mountains whore the soil was very well 
drained and the irrigation water came from a mountain spring. The 
disease was also found in Oregon and Washington, in localities where 
strawberries are grown without irrigation. Even plants that were 
grown on light greenhouse soil in pots contracted the disease, as 
already reported in this paper. 

It seems probable, however, that alkali conditions may play a 
contributory role by accentuating the symptoms of the disease. 
The xanthosis symptoms, like those of other diseases of the virus 
type, are often masked, partially or completely, and become more 
prominently manifested whenever the normal growth of the plant 
is interfered with. For example, there were seven apparently normal 
plants (variety Nick Ohmer, which exhibits a certain degree of resist¬ 
ance to yellows) growing in pots, adjacent to typically diseased 
Banner plants. As these were not protected from insects", they had 
every chance to contract the disease, yet they continued to appear 
perfectly normal for over a year. At the end of this period they were 
removed from the pots and transplanted to the garden. Within two 
weeks after transplanting they began to show the yellows symptoms, 
and have become and remained typically diseased since. Apparently, 
although these plants were harboring the infective principle, the 
degree of resistance that this variety shows was sufficient to prevent 
the symptoms from manifesting themselves as long as the growth of 
the plants was not interfered with. But when the growth was cheeked 
by the injury to the root system occasioned by the transplanting 
the symptoms immediately developed. Many other similar instances 
were observed. The prominence and destructiveness of yellows in 
the central coast district may bo due in part to the accumulation of 
salts, which is favored by the heavy texture of the soils, the salinity 
of some of the irrigation waters, and the cultural practices in vogue in 
this region. While this mild alkali condition may not be sufficiently 
toxic to cause noticeable injury to normal plants, it acc.cntnates the 
decline of plants that harbor the infective principle. 

EVIDENCE THAT XANTHOSIS IS NOT CAUSED BY A SOIL ORGANISM 

From the behavior of the disease in the field as well as from the 
results of the preliminary experiments previously recorded, it appeared 
unlikely that yellows was caused by a soil organism. The disease 
spreads with extreme rapidity oyer the entire field, and not gradually 
in spots as is the case in most of the plant diseases caused by soil- 
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inhabiting, root-invading parasites. Furthermore, as stated earlier, 
the disease manifests itself first in the top of the plant, the Z’oot 
system appearing perfectly normal for some time after the top has 
become diseased. (Fig. 3.) However, this phase of the problem was 
further studied from different angles, viz: 

1. The root flora. Specimens of healthy and of diseased plants 
were collected from eight different localities in the State, and their 
underground parts—roots and crowns—were plated, and pure cul¬ 
tures of the organisms developing on the plates were obtained. In 
the preparation of the media, the plating of the material, and the 
isolation of the organisms the usual laboratory technic was followed. 
The specimens included healthy and diseased plants of all ages, from 
very old plants with most of their root system black and decaying, 
to very young runners that had just taken root. 

The young, sound roots, whether from healthy or from diseased 
plants, almost invariably gave sterile plates. Over 150 isolations of 
fungi and bacteria were made from the older roots, or from partly 
decayed roots and crowns. No attempt was made to classify the 
bacteria, or to determine the species of the fungus isolations. The 
following genera are represented by the fungus cultures: Alternaria, 
Botrytis, Oephalothecium, Cladosporium, Diplodia, Fusarium, Oos- 
pora, Penicillium, Phoma, Rhizoctonia and Verticillium. In addi¬ 
tion, several other isolations produced no spores, and have not been 
determined as to genus. As determined by preliminary examina¬ 
tions, 42 of the isolations belong to the genus Fusarium, and at least 
18 distinct forms of this genus are here represented. The flora isolated 
from healthy plants does not differ from that isolated from diseased 
ones. In these culture studies no one particular organism was found 
constantly associated with the xanthosis disease. 

2. Runners from healthy plants were allowed to root in pots on 
soil which had been heavily inoculated with soil from around the 
roots of typically xanthotic plants. Many dead and decaying roots 
were also included in the inoculum. The plants remained healthy 
during the 11 months that they were under observation. 

3* A set of 10 runners from xanthotic Banner plants were allowed 
to root on autoclaved greenhouse soil in 7-inch pots (fig. 2, A), and 
a second set of similar runners were allowed to root on sterilized sand 
cultures (fig. 2, B) with Hoagland ? s solution. 6 After the runners 
had become established they were detached from the mother plants. 
Then the secondary runners produced by the daughter plants tlnis 
established were allowed to root in sterilized soil as before. This 
process was carried on in some cases for three generations of runners. 
Figure 2 illustrates this procedure, a showing the first generation 
runners that came from the original diseased mother plants, and 6 
the second generation daughter plants. All show the xanthosis 
symptoms quite clearly. 

All the runners, without a single exception, both on soil and on 
sand cultures, developed into typically yellowed plants, like the 
mothers from which they originated, and the plants coming from 
subsequent generations of runners were also diseased^ This is felt to 
be conclusive evidence that a soil organism is not involved. It is 


• llongUind'B solution has the following composition: Ca, 159 parts per million; Mg, 54 parts per million; 
K, Itttt parts per million; SO*, 217 parts per million; PO«, 145 parts per million; NO 3 , 717 parts per million. 
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true that, notwithstanding all precautions, neither the soil nor the 
sand cultures could have remained absolutely sterile, yet it is highly 
improbable that every pot of soil and every sand culture became con¬ 
taminated with the possible pathogenic organism. 

4. Extensive cytologies 1 and histological studies tailed to reveal 
the presence of any organism in the tissues of diseased plants. What 
appears to bo a myeorhizal fungus was often found in the fibrous 
roots of both healthy and diseased plants. This fungus apparently 
has no causal relation to xanthosis, for it is equally common in the 
the roots of healthy and diseased plants. 

EVIDENCE THAT XANTHOSIS IS NOT TRANSMITTED THROUGH 

THE SEED 

It has been found that xanthosis is not transmitted through straw¬ 
berry seed. Horne (data unpublished) grew a large number of seed¬ 
lings from seed of infected plants, and all of these remninod healthy 
as long as they w 7 ere kept away from infective insects. The writer 
also grew to maturity over 2,000 seedlings from seed of typically 
xanthotic Banner plants and all proved to be healthy. The non- 
transmissibility of xanthosis through the seed is, a very important 
fact, since it offers an easy and certain method of obtaining healthy 
plants of a variety which has become hopelessly infected. It is true, 
of course, that strawberries do not breed true; but, by growing large 
numbers of seedlings, some will be found that approach very closely 
the characteristics of the mother variety. 

EVIDENCE THAT XANTHOSIS IS A VIRUS DISEASE 

TRANSMISSION EXPERIMENTS 

Insect Inoculation 

KXr MOMENT 1 

Forty healthy young Banner plants in pots of steam-sterilized 
greenhouse soil were divided into 5 lots of 8 plants each and treated 
as follows: Lot 1 was placed in an isolated spot, away from any other 
strawberry plants, to be used as a control. Lot 2 was placed in another 
isolated spot and lightly infested with red spiders taken from leaves 
of diseased plants. Similarly, the plants of lot 3 were isolated and 
infested each with 10 strawberry aphids (Mysutt fra gae foil l (’kll.) 
taken from leaves of diseased plants. The pots of lot 4 wore placed 
in a patch of diseased Banner plants and left unprotected from 
insects. The diseased plants in this patch were heavily infested with 
aphids. Other insects, as well as red spiders, were found on them. 
The plants of lot 5 were placed in insect-proof cages in the vicinity, 
of the same patch. The experiment was started in the middle (if 
July, 1925. 

Lot 1 (the control) remained healthy. Those plants became 
infested with aphids,, white flies, red spiders, etc., but apparently 
these had not come in contact with diseased plants and therefore 
were not infective. 7 Lots 3 and 4 (i. e., those infested with infective 
aphids and those left exposed to infective insects, respectively) 

7 The term “infective” is used for the sake of convenience to denote all insects that ait known to have 
principle dlseased plants ’ and not merely those that have been proved by tests to erfry the infective 



Dec. 15,1927 Strawberry Xanthosis , a New Insect-Borne Disease 1069 


began to show xanthosis symptoms about one month after inoculation 
and developed all the typical symptoms of the disease after another 
month. 

Six of the eight plants that were placed in insect-proof cages 
(lot 5) failed to grow (a severe treatment with nicotine-sulphate 
oil emulsion at the time of planting proved too strong for them), 
but the two that survived developed normally and remained healthy. 

One month after inoculation three of the eight plants of lot 2 
(those infested with red spider) showed symptoms of the disease; 
after another five weeks, all were diseased. Aphids appeared on all 
the plants of this lot soon after the first three plants had begun to 
develop yellows symptoms, and it seems probable that these aphids 
inoculated the remaining five plants from the first three. It was at 
first thought that the red spider transmitted the virus to the three 
plants which first became diseased. Since, however, in all subse¬ 
quent experiments the red spider consistently failed to transmit 
the disease, it is now believed that such was not the case. In October 
of the same year, a careful inspection was made of the nursery from 
which the plants were received, and a small amount of xanthosis 
infection was found there; it is therefore possible that these three 
plants of lot 2 were actually harboring the infective principle even 
though they did not show symptoms of the disease at that time. 

After this experience, it seemed no longer possible to trust Banner 
variety plants grown in California or Oregon nurseries for experi¬ 
mental purposes, even when they appeared perfectly healthy. In all 
subsequent transmission experiments Marshall plants from the 
Eastern States, where the xanthosis disease has never been reported 
were employed, or, better still, Banner seedlings that had been kept 
under insect-proof cages from the time of the germination of the 
seed. 

EXPERIMENT 2 

During the summer of 1926, essentially the same experiment as 
that recorded above was repeated, with the following modifications: 
(1) Healthy Marshall plants from Michigan instead of Banner were 
used; (2) an additional control was provided by a lot of eight plants 
which were infested with 10 noninfective aphids; 8 (3) the aphids, 
both infective and noninfcctive, were allowed to feed on the plants for 
10 days, after which they were killed by dusting the plants with a 
dust containing 4.5 per cent of nicotine sulphate. This was done in 
order to differentiate between the direct injury of the insects and the 
effect of the virus. 

The plan of the experiment and the results obtained are summarized 
in Table 2. The results verify those of the previous year (experi¬ 
ment 1 in that they show the ability of the aphids to transmit the 
causal agent of xanthosis, but give negative evidence for the red spider. 
This is true, also, of all subsequent experiments. 


8 It was found by tests that all strawberry aphids do not carry the infective principle. In fact, it is quite 
easy, apparently, to obtain noninfective aphids, for until they have fed on diseased plants, they are clean. 
There are in the writer’s stock three cultures of noninfective aphids, one obtained from strawberries from a 
garden in Yuba City, a second from a garden in Oakland, and a third from wild strawberries growing on the 
sands of tho beach in San Francisco. A fourth clean culture, from the greenhouse of W. T. Horne, in 
Berkeley, was lost through accident. 
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Table 2. —Results of transmission experiment 2 with plants of the Marshall variety 

from Michigan 

[Planted April 26, 1926; infested with inserts June, 7, 1926] 


Treatment 


1 Control 1 .—No insects.------. 

2 Control 2.—Plants infested with 10 nomnfoctive aphids. 

3 Plants infested each with 10 infective aphids.-.- • 

4 Plants infested with red spiders (about 20 individuals for each 

plant) taken from leaves of diseased plants..-.-. 

5 Pots containing the plants placed in a patch of diseased straw¬ 

berries and left exposed to insects.. 

6 Control 3.—Plants placed in same vicinity as lot f>, but protected 

by insect-proof cages...-.. 


Num¬ 

Num¬ 

ber of 

ber of 

plan is 

plants 

used 

diseased 

8 

0 

S 

0 

S 

H 

8 

0 

8 

8 

8 

0 


Per¬ 
centage 
of in¬ 
fection 


0 

0 

100 

0 

100 

0 


EXPERIMENT 3 

In this and all subsequent experiments the plants were carefully 
guarded against chance infection by being kept in insect-proof 
cages. The types of cages used are illustrated in Figure f>* For 



Fig. 5.—Types of insect-proof cages used in transmission experiments: A, large tyiwln which four 
to six plants may he placed; B, small tvjj© for individual plants; a, glass tune (for watering 
plants 


the small individual cages (fig. 5, B) India lawn cloth was used. 
The large ones (fig. 5, A) have solid bottoms, glass tops and doors, 
and three sides covered with unbleached muslin. In both the largo 
and small cages the pots were placed in saucers, and the plants were 
subirrigated in order to avoid the necessity of lifting the cages to 
water the plants, thus eliminating the danger of accidental intro¬ 
duction of insects into the cages. The large cages wore supported by 
legs which either rested in pans containing water with a layer of oil, 
or were coated with tree tanglefoot, so that no ants could crawl in. 
The doors of these large cages were seldom opened, the plants being 
watered through a glass tube (fig. 5, A, a) which was kept plugged 
with cotton when not in use. Autoclaved 9 greenhouse soil was 
employed in all these experiments. 


9 The soil was autoclaved in order to kill weed seed and insects and their eggs. 
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On July 19, 1926, 21 healthy young Banner seedlings, in individual 
insect-proof cages since germination, were divided into four sets 
and treated as follows: 

1. Six plants infested each with 15 infective aphids. 

2. Five plants infested each with 15 noninfective aphids; control. 

3. Five plants infested each with about 20 red spiders from leaves 
of diseased plants. 

4. Five plants infested each with about 20 noninfective red spiders. 

The plants thus treated were kept in the greenhouse. The temper¬ 
ature range of the greenhouse was not checked at that time, though 
it was supposed to run from 70° to 90° F. Later, when there was 
occasion to make an accurate check of the greenhouse temperature, 
it was found to reach a much lower minimum. (Fig. 11 and Table 
11.) The aphids and the red spiders, both infective and noninfec¬ 
tive, were, killed after they had been allowed to feed for two weeks, 
by spraying the infested plants with a dilute nicotine-sulphate 
oil emulsion. 

In about three weeks after inoculation, five of the six plants of lot 1 
(infective aphids) began to appear stunted and somewhat chlorotic, 
but they did not show the typical xanthosis symptoms. Those of the 
other three lots remained normal. In another four weeks the sickly 
condition of these five plants of lot 1 became accentuated; the differ¬ 
ence between these and the plants of the other three lots which still 
continued normal, was decidedly noticeable. The stunted growth 
became more prominent, and the new leaves were chlorotic and 
progressively smaller in size, but there was very little distortion or 
cupping of the leaves. 

Bearing in mind the well-known influence of high temperatures on 
the manifestation of symptoms in virus diseases of plants, as well as 
the results of experiment 4, recorded later, it was thought that this 
might be a masking of the typical yellows symptoms in the inoculated 
plants due to the relatively high temperature prevailing in the green¬ 
house. Accordingly, on August 28, all the plants used in this experi¬ 
ment were removed outdoors, but wore still kept under the cages. 
Within a period of 10 days after removal, the five plants of lot 1 had 
become typically diseased while the rest of the plants remained 
healthy. So, apparently, the partial masking of the xanthosis symp¬ 
toms was due to relatively high greenhouse temperature. 

The results of experiment 3 are summarized in Table 3. 

Table 3. —Remits of transmission experiment S with Banner seedlings 5 to 6 months 
old kept under cages f rom the time of germination 


Lot 

No, 

Treatment 

Num¬ 
ber of 
plants 
used 

Num¬ 
ber of 
■ plants 
diseased 

Per¬ 
centage 
of in¬ 
fection 

1 

X > lants infested each with 15 infective aphids..... 

6 

I 5 

83.3 

2 

Control, plants infested each with 15 noninfective aphids. 

5 

0 

0 

3 

Plants infested each with about 20 "infective” red spiders. 

5 

0 

0 

4 

Plants infested each with about 20 noninfective red spiders. 

5 

0 

0 
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EXPERIMENT 4 

Seven healthy young plants (runners from Banner seedlings) in 
individual insect-proof cages were inlesiod each with 25 infective 
aphids. Six similar plants wore infested each with 25 nonmleetive 
aphids to act as controls. The plants of both lots were placed on a 
low bench (about 8 inches from the ground) on the north side of the 
greenhouse, where it was relatively cool. The temperature of this 
spot from August 30 to September 13 is shown in Figure li and 
Table 11. The experiment was started duly 15, 1020. The aphids, 
both infective and noninfective, were killed by dusting with nicotine 
dust after they had fed on the plants for one week. 

Two weeks after inoculation, five of the seven plants infested with 
infective aphids began to show the yellowing and curling character- 



Fro fl.—A, Banner seedling wliich became typically xanthotie after Being inoculated By means 
of infective aphids (Afyzux 'raegatfalil C 'kll.j; B, control; sister plant of A, infested with nmi- 
infeetive aphids 


istics of xanthosis, and within threw wooks morn thoy had hoooino 
typically diseased. (Fig. 6.) The remaining two plants of this lot, 
as well as those infested with noninfective aphids, remained healthy. 
The results of this experiment are summarized in Table 4. 

Table 4.— -Remit* of tramimitation experiment 4 


Lot 

No. 

Treatment 

Num¬ 
ber of 
plants 
used 

Num¬ 
ber of 
plants 
diseased 

Per- 
centago 
of in¬ 
fection 

1 

Plants Infested each with 25 infective aphids...- 

7 

5 

71.4 

0 

2 

Plants infested each with 25 noninfective aphids... 

« ! 

0 






It should be noted that in this experiment the shortest incubation 
period (time between date of inoculation and appearance of the first 
symptoms of the disease) of any of the transmission experiments was 
observed. It was at first thought that mass infection might be a 
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factor, since in this experiment a rather large number of aphids (25) 
were used. This, however, was apparently not the case, for later 
as many as 50 infective aphids to the plant were used without attain¬ 
ing as short an incubation period as that observed in this experiment. 
Apparently the conditions of this experiment were favorable for an 
early manifestation of the symptoms, but as these conditions were 
not controlled, it was not possible to duplicate them. 

EXPERIMENT 5 

In this experiment the large cages (fig. 5, A) were used. These 
were located outdoors and were protected from the north and west 
winds by a building and the greenhouse, respectively. One cage, con¬ 
taining four young healthy Marshall plants, was used for each lot. 
At the time of inoculation, these plants were 1 month old from the 
time of planting, and had from five to seven leaves, all appearing 
normal. The experiment was started on May 18, 1926. The five 
different lots were treated thus: 

1 . Plants were infested each with five infective aphids. 

2 . Control; each plant was infested with five noninfective aphids. 

3. Plants were infested each with about 20 “infective” red spiders. 

4. Control; each plant was infested with about 20 noninfective 
red spiders. 

5. Extra control; plants were kept free from insects. 

Results similar to those of experiment 3 were obtained. By the 
end of the first 25 days after inoculation, the plants of lot 1 (infective 
aphids) had assumed a sickly appearance (stunted growth and partly 
chlorotic leaves), but they did not show typical xanthosis symptoms. 
The controls, as well as the red-spider-infested lots, remained normal. 

At this time the plants of lots 1 and 2 were reinfested each with 20 
infective and noninfective aphids, respectively. These aphids were 
killed a week later by dusting with nicotine dust. The red-spider- 
infestod plants were sprayed with 1-100 oil (Volck) emulsion to kill 
the red spiders. 

The sickly condition of the plants of lot 1 became more pronounced 
during the summer; still, the typical xanthosis symptoms did not 
develop. The leaves were small' and chlorotic around the margins, 
but there was practically no crinkling of the leaves. The control 
plants and those infested with red spiders remained healthy. 

The tomporaturc of the air inside tho big cages was recorded for 
the two weeks from May 31 to June 13 by placing a thermograph 
thoroin, and it was found to bo high, reaching a maximum of 98° F, 
It was thought, therefore, that this apparent partial masking of tho 
symptoms might be due to tho high temperature prevailing in the 
cages. Accordingly, on October 2, two of the four plants of lot 1 
were removed from the large cage, covered with small individual 
cagos, and placed in a cooler place (on the same bench as the plants 
of experiment 4). Within two weeks these plants developed typical 
xanthosis symptoms. So, in this case also, as in that of experiment 
3, the high temperature was apparently the factor which partially 
masked the symptoms of the disease. Table 5 gives a convenient 
summary of the results of experiment 5. 

71206—28-2 
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Table 5. —Results of transmission experiment 5 


Treatment 


1 Plants infested with infective aphids. 

2 Control plants infested with noninfoctive apluds. 

3 Plants infested with “infective” red spiders. 

4 Control plants infested with noninfoctive red spiders.. 

5 Extra control plants free from insects. 


EXPERIMENT 6 

This experiment was undertaken to test further whether the red 
spider may act as a vector for the infectious principle of xanthosis. 
The plan of the experiment was as follows: 

1. Six healthy young plants of the Marshall variety were infested 
each with 20 to 25 “infective” red spiders, that is with red spiders 
taken from leaves of diseased plants. 

2. Control: Six healthy young plants of the Marshall variety were 
infested each with 20 to 25 noninfoctive red spiders. 

3. Extra control: Three plants infested each with 10 infective 
aphids. This additional control was used to determine whether the 
conditions of the experiment were favorable for the development of 
the symptoms of the disease. 

. This experiment was started on September 7, 1920, and was con¬ 
tinued for two and a half months. The plants were kept under 
individual small cages outdoors in the same place as those of experi¬ 
ment 4. 

Both sets infested with red spiders remained healthy, while the 
three plants of the additional control (infective aphids)'became dis¬ 
eased. So, from the results of this and previous experiments, it is 
reasonably safe to state that Tetranychus tetanus Linn, is not an agent 
of transmission for the infective principle of xanthosis. 

Mechanical Inoculation 

PKEMMINARY EXPERIMENT 


Nmn* 
b«»r of 
plants 
usoil 


N'mii* 1 iv.r- 
ber of j mitnffti 
plants t of iri- 
ilisoasod ! faction 


100 

0 

0 

0 

0 


Tn the summer of 1925 a preliminary experiment was tried to test 
the transmissibuity of xanthosis by inoculating plaids with juice 
extracted from crushed leaves of diseased plants. Eleven apparently 
healthy Banner plants wore inoculated, by means of a hypodermic 
syringe, with extracted juice from leaves of diseased plants, a second 
lot of 11 plants wore inoculated in a similar manner with juice 
extracted from leaves of healthy plants, to act as controls, and a third 
u° jl 11 P ia ? ts injected with sterile water. The plants used 

Had been m the vicinity of diseased plants for some time and wore not 
protected against insects. 

Nine out of 11 of the plants inoculated with diseased juice developed 
xanthosis symptoms within two months after inoculation, as agamst 
4 out oi 11 for Bach of the two control sets. Although no great 
importance could be attached to those results, since the plants were 
left unprotected agamst infective insects, it was folt that they might 
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be of some significance. The following two experiments, performed 
under carefully controlled conditions, gave negative results and failed 
to verify this supposition. 

EXPERIMENT 7 

The plants used in this experiment were healthy young plants 
from runners of Banner seedlings, kept under cages since germination. 
The juice was extracted in the following manner: The leaves were 
thoroughly macerated in a mortar, a little water was added, and 
after continuing the maceration a little longer so as to mix the water 
with the crushed tissue, the liquid was strained through cheesecloth. 
The highly turbid liquid was allowed to settle for about five minutes, 
after which the supernatant liquid, still cloudy but free from large 
particles, was drawn into the barrel of a hypodermic syringe and 
immediately injected into the leaves, petioles, and crowns of the 
plants. The juice was not filtered, for it was decided simply to test 
its infectiousness first, and if the results of the inoculation were posi¬ 
tive, then to test the filterability of the infectious principle. In 
addition to the thorough injection of the juice by means of the hypo¬ 
dermic needle, some of the leaves of the inoculated plants were mu¬ 
tilated by crushing them between the thumb and the forefinger and 
rubbing on the injured tissue similarly crushed leaves of diseased 
plants. To make the inoculation still more thorough, small slits 
were made in the petioles of the leaves and some of the macerated 
diseased leaf tissue was inserted. Six plants were inoculated in the 
manner indicated, while a second lot of four plants were similarly 
treated, but with juice and crushed tissue from healthy leaves to act 
as controls. The healthy leaves came from Banner seedlings that had 
been kept under cages since germination. Both sets were placed 
outdoors, in cages of the type shown in Figure 5, A. The inoculations 
were made on May 27, 1926, and the experiment was continued 
throughout the entire summer. 

Both the inoculated and the control plants remained healthy. 

EXPERIMENT 8 

Because of the relatively small number of plants used in the pre¬ 
ceding experiment, it was decided to repeat it. A lot of nine plants 
(four Marshall and five Banner seedlings) were divided into two lots, 
as follows: 

1. Five plants, two Marshall and three Banner seedlings, were 
inoculated with diseased juice and macerated tissue. 

2. Control. Four plants, two Marshall and two Banner seedlings, 
were inoculated with healthy juice and macerated tissue. 

The extraction of the juice and the inoculation were done in the 
same manner as in experiment 7. The plants were covered with the 
small individual type of cages (fig. 5) and were placed outdoors. 
The experiment was started on September 9, 1926. 

This experiment like the previous one gave negative results. Table 
6 summarizes the results of the two experiments. 
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Table 6.— Results of juice inoculation, experiment* 7 and S 


Lot 

No. 


i NiimhiT | Number 

Twtiinonl. 1 of plants | of plants 

1 umnl ; discasod 


3 Plants thoroughly inooulntod with linflltoml juu*o from disimsod totivos, wit li j I 

macerated clisoasod tissuo, and by loaf mutilation * .; 11 I h 

2 Control* Treated like lot 1, but with juice ami tissue from heulihy leaves. ; s } 0 


Although the number of plants inoculated is not very large, it is 
believed that the results obtained are sufficient to justify the. con¬ 
clusion that the causal agent of xanthosis is not readily t ransmissible 
by direct juice inoculation. It may be possible, of course, to obtain 
a small amount of infection by this method if a large number of plants 
are used. Instances are known of typically insect-t ransmitted virus 
plant diseases in which a small percentage of infection was secured 
by means of direct juice inoculation. Sevcrin 04), t fur example, 
succeeded, after other workers had failed, in transmitting the. curly- 
top disease of the sugar beet to 1) out of 100 beets inoculated directly 
with expressed juice from leaves and roots of diseased beets. _ The 
fact that xanthosis is not transmitted by direct juice inoculation is 
not only of theoretical interest, but has a practical significance to 
strawberry growers. As the roots and tops of the young plants 
are trimmed before planting, if the disease wore easily t ransmitted 
by direct mechanical inoculation, there would he danger of spreading 
the infection from the few diseased plants that are usually contained 
in each lot to the healthy ones by means of the trimming knives. 
The results of the two experiments recorded above indicate that such 
a danger does not exist. 

EXPERIMENT 9 

Since the disease was found to ho easily transmitted by aphids, 
but apparently not by direct inoculation with juice extracted from 
leaves of diseased plants, it was decided to test the infectiousness 
of juice extracted from infective aphids. Accordingly, about 300 
to 400 aphids were taken from leaves of diseased plants, placed in a 
test tube, and thoroughly crushed by means of a glass rod. About 
10 m c. of water was added, and the. mixture was stirred. The 
crushed bodies of the insects wore then allowed to set,tie to the 
bottom of tho tube, and the supernatant liquid was drawn into tins 
barrel of a syringe fitted to a hypodermic needle, by means of which 
it was injected into the leaves (midribs and petioles) and into the 
crowns of six healthy young Marshall plants. The inoculation was 
done very thoroughly. Small wads of cotton were placed at the 
opening of the needle wounds and these were soaked with the juice 
used for inoculation. Four plants were similarly inoculated with 
juice extracted from noninfective aphids and used, as controls. The 
experiment was started on June 23, 1926, and was continued until 
November of the same year. The plants were covered with cages 
of the individual type, kept in the greenhouse for two months after 
inoculation, and afterwards removed outdoors. 

Both the inoculated and the control plants remained healthy. 
These results can not of course be taken as final, since the number 
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of plants.inoculated was altogether too small. The evidence, how¬ 
ever, indicates that the disease can not be readily transmitted by 
inoculating with juice extracted from infective aphids. 


Summary of the Results of the Transmission Experiments 

For the sake of convenience, the results of the transmission experi¬ 
ments are summarized in Table 7. The results of experiment 1 are 
omitted, since, as has been explained, there is some doubt as to 
whether all the plants used in this experiment were originally free 
from infection. The results of the preliminary juice-inoculation 
experiment are also omitted as unreliable, since the plants experi¬ 
mented with were exposed to insect infection. 

Table 7,— Summary of the results of transmission experiments 2 to to 


Treatment 


Inoculated with infective aphids. 

Control: Inoculated with noninfective aphids. 

Inoculated with “infective” red spiders. 

Control: Inoculated with noninfective red spiders. 

Inoculated with juice extracted from diseased plants. 

Control: Inoculated with juice extracted from healthy plants. 

Inoculated with extract from infective aphids. 

Control: Inoculated with extract from noninfective aphids. - 


N umber 
of plants 
inocu¬ 
lated 

Number 
of plants 
diseased 

Percent¬ 
age of 
infection 

28 

25 

89.3 

23 

0 

0 

23 

0 

0 

23 

0 

0 

11 

0 

0 

8 

0 

0 

6 

0 

0 

4 

0 

0 


EVIDENCE THAT XANTHOSIS IS NOT CAUSED BY THE SUGAR- 
BEET CURLY-TOP VIRUS 

The question as to whether xanthosis of strawberries and curly-top 
virus of sugar beets are identical arose, because of the fact that straw¬ 
berries are grown in the natural and migratory breeding areas of the 
boot leaf hopper (Eutettix tenellus (Baker)) and often in the vicinity 
of beet fields. Severin (15) has demonstrated that a large number of 
woods and cultivated plants of many families are naturally susceptible 
to curly top and become infected by it. Carsner (£) has shown that 
woods and a few crops are susceptible or nonsusceptible to curly top, 
and he came to the conclusion on circumstantial evidence that the 
beet loaf hopper may have transmitted curly top to beans in Idaho (5), 
although he did not see the diseased plants in the field. Recently, 
McKay and Dykstra (11) arrived at the conclusion, chiofiy on cir¬ 
cumstantial evidence, that western yellow blight of tomatoes is caused 
by the virus of sugar-beet curly top. Furthermore, the histological 
pathology of the strawberry affected with xanthosis is very similar 
(though not so pronounced), to that of the beet affected .with curly 
top. All the evidence at present available, however, indicates that 
strawberry xanthosis is a disease distinct from curly top of the 
sugar beet. 

& INDIRECT EVIDENCE 

The symptoms of curly top of the beet are entirely different from 
those of strawberry xanthosis. It is true, of course, that symptomat¬ 
ology is not an absolute criterion, since the symptoms of a particular 
disease may vary considerably with different host plants. In the 
case of the beet curly top, however, there is one symptom—the trans- 
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parent venation—which is very definite and is invariably exhibited by 
plants affected with curly top. This feature is entirely absent in the 
case of xanthosis. Moreover, the beet curly top does not cause very 
conspicuous yellowing, whereas in the case of strawberry xanthosis, 
yellowing is the most pronounced symptom. Another piece of cir¬ 
cumstantial evidence is found in the fact that the geographical areas 
where the two diseases are most severe are not identical in lact they 
are exactly opposite. In the hot interior valleys of Oaiikmua, where 
the beet curly top is most severe, strawberry yellows is very mild, 
whereas in the cool fog belt of the coast the reverse is true. 

DIRECT EVIDENCE 

Strawberries Nonsuschptiblk to Curly Top 

Different lots of infective beet leaf hoppers were transferred from 
curly-top beets to healthy strawberry seedlings and permitted to 
remain there for a period of about six weeks. Noninfeclivo hoppers 
were allowed to feed on these strawberry plants and were then trans¬ 
ferred to healthy boots, but not a single case of curly top developed. 
It is evident from this experiment that strawberries are nousus- 
ceptible to curly top. 

Beet Leaf Hoppers Failed to Transmit Strawberry Xanthosis 

Different lots of noninfective beet leaf hoppers after feeding on 
strawberry plants affected with xanthosis were transferred to healthy 
strawberry seedlings and then to healthy beets, but no disease symp¬ 
toms developed either in the strawberry seedlings or in tho boots. 
In another experiment, noninfective leaf hoppers after feeding on 
strawberries affected with xanthosis failed to produce disease symp¬ 
toms in the beets. It is evident that tho beet hopper is not capable 
of transmitting strawberry xanthosis. 

INFLUENCE OF TEMPERATURE 

That high air temperature exercises a great influence on tho 
symptomatology of virus diseases of plants, tending to obscure, 
partly or entirely, tho symptoms of the disease, is a well-known 
fact—so well known that it is not necessary hero to review the general 
literature on the subject. Because of lack of appropriate equip¬ 
ment (constant tomporaturo chambers) no absolute figures relative 
to the influence of temperature on tho masking of xanthosis symp¬ 
toms can be given. The evidence hero presented was obtained either 
from field observations or from a limited number of temperature 
records. 

It was observed soon after these investigations were undertaken 
and even before evidence was obtained of the infectious nature of 
the disease, that affected plants, in the field, would make a good 
growth for three to four weeks in early spring collapso rather suddenly 
dunng May, rally considerably during the period from about the 
Peddle of June to the end of August, and again collapse during the 
fall. If a curve were plotted to show this rise and fall in intensity 
of the disease it would be found practically to coincide with the 
temperature curves (monthly mean and mean maximum) shown in 
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Figures 7 and 8, with the exception of the early spring period. The 
latter discrepancy can be explained by the influence of another 
factor—the beneficial effect of the dormant period of the winter 
months. 



Fig. 7.—Monthly mean temperatures of four different strawberry-growing localities, Santa 
Cruz, San Jose, Napa, and Sacramento; averages for the two years 1924 and 1925 



Fig. 8 .—Monthly mean maximum temperatures of four different strawberry-growing locali¬ 
ties, Santa Cruz, San Jose, Napa, and Sacramento; averages for the two years 1924 and 1925 


Home (7) found that both healthy and sick plants were greatly 
stimulated by a winter rest period of about two months. It. is true, 
of course, that under the mild climatic conditions existing in Cali- 
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forma the plants do not become entirely dormant during the winter, 
but their growth is markedly checked. 

Another significant fact is that while xanthosis occurs 111 the 
interior valleys of California, where the temperature is very high 
during the growing months, it is never serious. The writer had 
occasion during 1926 to observe a small patch of strawberries at the 
university farm at Davis. The plants had come Irom a nursery in 
which about 10 per cent infection had been found the previous 
summer. In May this patch was examined and several diseased 
plants were observed. When examined in August, all the plants 
appeared normal, but on October 24 some showed xanthosis symp¬ 
toms. Apparently, in this case, the symptoms of the disease were 
completely masked during the hot summer months. The tempera¬ 
ture for Davis is not recorded here, but it is practically the same as 
that for Sacramento shown in Figures 7 and 8 and in Table S. The 
monthly mean and mean maximum temperatures (averages for 1924 
and 1925) for four different strawberry-gowing localities, Santa Cruz, 
San Jose, Napa, and Sacramento are also shown. Iti the first three 
localities the disease is very prevalent and very sovere; in Sacramento 
it occurs but is not at all sorious. As is shown b,v the curves in 
Figure S, the mean maximum temperature of Sacramento for the 
summer months is 10° F. higher than that of San Jose, and about 
15° higher than that of Santa Cruz and Napa for the corresponding 
months. The monthly mean temperatures (fig. 7) simw a similar 
relation. 


Table 8 . —Monthly mean and mean maximum temperatures of four drawherry- 
growing localities in California for 102J } and 1025 

MEAN TEMPERATURE (° jj\) 


Locality 


Santa Cruz. 

San Jose. 

Napa. 

Sacramento .. 


Jam 

Feb. 

Mar. 

Apr. 

M ay 

Juno 

July 

Aug. 

■Sopt. j Oct. 

Nov. 

I>«e. 

49.2 

54.3 

53.4 

55.7 

! 

59.0 

! 00.1 

02 .9 

03.4 

“ i 

05.3 , 52.4 

52.0 

48,2 

48.1 

54.0 

53.0 

57. H 

01.9 

05.5 

07. 0 

05.0 

OL 0 I 59.4 

53.4 i 

47.2 

53.7 

52.8 

51.0 

55. 2 

58.4 

01.8 

03. 0 

03, 0 

01. H : 57. 1 

50.7 

45,2 

40.1 

52.1 

53, 0 

53.9 

00.2 

71.5 

73.8 

7L0 

08.7 ; 00.0 

52.4 

44.1 


MEAN MAXIMUM TEMPERATURE (* F.) 


Santa Cruz.. 

San Jose... 

Napa. 

Sacramento. 


OLA 
09.8 


53.7 


04. 4 
0L8 
0L2 


00. I 
05.7 
02.2 
03. 7 


00 . 1 
09.3 

on. 2 
70.5 


70. I 

74.3 
09.3 

79.3 


71.5 

74. H 

75.0 

80.1 

80. 1 

70.0 

74.1 

74.4 

73. tl 

87.1) 

90. 0 

80.7 


70.0 
71.4 


OH. 5 
05.2 


OH. 4 01.0 
72.0 01.0 


05. 2 
57. 1 
51. H 
40.7 


A further illustration of the masking effect of high air temperature 
is seen in the following example: In the fall of 1925 four typically 
diseased Banner plants, in 5-inch pots, were placed in an insect- 
proof cage, similar to those illustrated in Figure 5, A, but provided 
with double walls of muslin cloth. The following spring, when 
growth started, one of these plants showed a very slight yellowing of 
the margins of the leaves, while the other three appeared entirely 
norma^ and remained so during the summer. The temperature of 
the air in this cage was recorded for a two-week period (May 10 to 24) 
by placing a thermograph irx the cage, and the temperature of the 
outside air for the same period was recorded by means of another 
thermograph. These records are shown in Figure 9 and Table 9, 
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It is seen, that the temperature of the air inside the cage reached a 
point as high as 106° F., while that of the outside air hardly rose 
above 83°. On May 10 two of the normal-appearing plants were 
removed from the cage and placed outdoors in a spot away from any 
diseased plants. To serve as controls, two healthy Banner seedlings 
which had been kept in a cage similar to that of the diseased ones 
were likewise removed from their cage and placed outdoors in the 
same locality as the other two. The outdoor temperature for this 
period ranged from 48° F. to 78° F. The controls remained healthy 
throughout the summer. The young leaves of the other two plants 
began to show a marginal yellowing three days after the plants were 



removed outdoors, and all the young leaves subsequently developed 
exhibited all the typical xanthosis symptoms. So it is apparent that, 
while the plants continued to harbor the infectious principle, the high 
temperature within the cage had the effect of masking the symptoms. 


Table 9 . — Minimum, maximum, mean, mean minimum, and mean maximum 
temperatures of the air inside and outside a double-dined insect-proof cage, for the 
two-week period May 10-24, 1926 


Air 

Minimum 

Maximum 

Mean 

°F. 

61,9 

75.5 

Mean 

minimum 

Moan 

maximum 

Outside cage. 

Inside cage.-— 

46,0 

48.0 

°F. 

83,6 

106.0 

°P. 

50.1 | 
55.5 

°F. 

73.8 

95,5 


In discussing the results of transmission experiments 3 and 5, it 
was stated that the disease symptoms of infected plants were partly 
masked. A comparison of the daily range of temperature inside and 
outside {the cages used in experiment 5 is shown in Figure 10 and 
Table 10 and of the inside and outside of the greenhouse (experi¬ 
ment 3) in Figure 11 and Table 11. It is interesting to note that in 
all these casos where partial or complete masking occurred the 
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maximum temperature had reached 90° F. or above, and that no 
masking occurred at a temperature of 84° or below. It- is important 
to consider here that a continuous exposure to high temperature may 
not bo necossary to produce masking effects. Tompkins (Hi), work¬ 
ing with tho mosaic of potato, found that “ relat ively short exposures 
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jo^ys 

Fig. 10.—Daily range of air temperature inside and outside the large type of frutwt-proof cages 

shown in Figure 5, A 

to air temperatures above that of tho critical air temperature (23° 
to 24° C.) were sufficient to mask tho symptoms of mosaic.” Figure 
10 and Table 10 illustrate the fact that in studying the masking 
effect of temperature the maximum rather than the moan should bo 
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Fig. 11.—Daily range of air temperature inside and outside the greenhouse for the two-week period 
August 30-Beptember 18,1926 

considered. Thus, for two days, June S and 9, the temporature was 
relatively low (not above 68° F.), so that tho mean temperature for 
the two weeks is relatively low, yet tho intermittent exposure to high 
temperatures was sufficient to partly mask the symptoms. Tho 
same fact is illustrated by the curves in Figure 11. 
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Table 10.— Minimum, maximum, mean, mean minimum,land mean maximum 
temperatures of the air, inside and outside the large type of insect-proof cages 
shown in Figure 5, A, for the two-week period May 81-June 14 , 1926 


Air 

Minimum 

Maximum 

Mean 

Mean 

minimum 

°F. 

53.8 

59.9 

Mean 

maximum 

Outside cage. .. 

Inside cage . . . . 

°F. 

51 

58 

°F. 

79 

08 

°F. 

59.7 

72.7 

°F. 

65. 7 
85* 5 

Table 11.—- Minimum , maximum , mean , mean minimum , and mean maximum 
temperatures of the air inside and outside of the greenhouse for the two-week 
period August 80-Septe?nber 13 , 1926 

Air 

Minimum 

Maximum 

Mean 

Mean 

minimum 

Mean 

maximum 

Inside greenhouse_ _ 

°F. 

55 

60 

°F. 

91 

80 

°F. 

68.8 

64.0 

°F. 

58.0 

60.4 

*F. 

79.6 

67.6 

Outside greenhouse. 


Although the evidence here presented does not permit the giving 
of absolute figures for the critical temperature, it seems to indicate 
that no noticeable masking of xanthosis symptoms occurs at about 
80° F. or below, and that above this temperature partial or complete 
masking takes place. 

CYTOLOGICAL AND HISTOLOGICAL STUDIES 

Extensive cytological and histological studies of the different parts 
of the plant—root, crown, stem, and leaves (petioles and blades)— 
were made for the purpose of discovering whether or not any organ¬ 
ism or any abnormalities could be found associated with the disease. 
Over 500 slides of fixed and stained material were examined, in addi¬ 
tion to a large number of free-hand preparations made from fresh 
material. For killing and fixing, the alcohol-formalin-acetic acid 
solution (100 c. c. of 50 per cent alcohol, 6.5 c. c. of formalin and 2.5 
c. c. of glacial acetic acid) was used. For the most part the staining 
was done with Haidenhain’s iron-alum haematoxylin, but Fleming’s 
triple stain was also used. The leaves were found rather unsatis¬ 
factory for a critical examination of cell content, since the cells 
contain plastids and other normal structures which stain heavily and 
obscure the vision. 


MYCORRHIZAL FUNGUS IN ROOTS 

What appears to be a mycorrhizal fungus has been found almost 
invariably in the cortex of the fibrous roots, but it has never been 
observed in the young succulent primary crown roots. This fungus 
is apparently widely distributed in the soil, for it was found in the 
roots of plants collected from different fields in widely separated 
localities m California. Jones (9) lists the strawberry as one of the 
many plants in the roots of which he found a mycorrhizal fungus. 
Incidentally, the fungus found by the writer seems to be identical 
with that described by Jones. No attempt was made to isolate and 
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culture the fungus. Whether it may be considered as a parasite or 
as a harmless, perhaps even beneficial, symbiotic organism can not 
be definitely and accurately determined until it. has been obtained 
in pure cultures. The invaded roots appear perfectly normal exter¬ 
nally, and no lesions occur in the tissues in which the fungus is found. 
Certain it is that this fungus has no casual relation to xanthosis.^ It 
occurs as commonly in the roots of healthy plants as in those of the 

‘' abnormalities in the leaves 

The palisade cells of the chlorotic areas of the leaves of diseased 
plants are noticeably shorter and more compact than those of the 
leaves of healthy plants, or than those of the green areas of the 
diseased leaves. This abnormality is apparent both in free-hand 
sections of fresh material and in lixed and stained preparations. 

DARK-FIELD STUDIES 

Thin free-hand sections of fresh material—leaves (blades and 
petioles) and roots—of typically xanthotic plants were examined 
immediately after cutting with a Leitz dark-field microscope. Also 
drops of juice obtained by gently rolling the midribs, the petioles, 
and the succulent crown roots between two glass rods until a drop of 
the liquid oozed out from the cut end, were placed on slides and 
examined in the same way. No organism of any kind could bo seen 
either in the cells of the sections or in the extracted juice. 


TISSUE DEGENERATION AND CELL INCLUSIONS 


A degeneration of the tissue of, the pericycle region of the roots, 
accompanied by certain conspicuous cell inclusions, was found con¬ 
stantly associated with the disease. These abnormalities wore so 
strikingly similar to those described by Rawlins (IS) for sugar beets 
affected, by curly top that the same terminology is, for the sake of 
convenience, adopted here. 10 The two types of cell inclusions are 
therefore designated as x and y bodies, respectively. 

The tissue degeneration is chiefly found in tho pericycle, but it 
often extends to the adjacent phloem, and more rarely to tho on do- 
dermal cells. Figure 12, A and B, illustrates this tissue degenera¬ 
tion, shown by the black-staining groups of colls. What is considered 
to be the first state in the process of degeneration is that certain 
pericycle cells become filled with what appears to bo reticulate cyto¬ 
plasm (fig. 13, A, a), which later becomes granular. About this 
time the nucleolus has disappeared, and the nucleus shows decided 
signs of disintegration. The nuclear mombrane appoars shrunken, 
inclosing some amorphous granular- material, staining black with 
Haidenhain’s haematoxylin and red with the triple stain. In what 
is considered to be a later stage in the process of degeneration, tho 
nuclear membrane incloses only a small amount of granular material, 
and it is either shrunken or very well rounded as if filled with liquid 
(fig. 13, B, n); and the part of the cell normally filled with cytoplasm 
contains either x or y bodies, or both. The x-bodies (fig. 13, A,) are 
composed of dense, amorphous material which stains black with 


10 In addition to the abstract cited, through the courtesy of its author, the writer was privileged to road 
tho original manuscript of the yet unpublished complete work of T. E. Rawlins. 
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haematoxylin and red with the triple stain. The y-bodies (fig. 13, 
B.) are identical in their staining reactions with the x-bodies, but 
have a more definite shape than the latter, being spherical or nearly 
spherical, and usually appearing to possess a distinct membrane. 
Neither the x nor the y bodies show any organization of structure. 
In what appears to be the final stage in the process of degeneration, 
the remnant of the nucleus and the x or y bodies disappear, and the 
entire cell is filled with amorphous, somewhat granular material, 
staining black with haematoxylin. 

Observation of hundreds of sections has led the writer to believe 
that^ the process of degeneration is as follows: In what has been 
considered the first stage the nucleus is practically intact, though 
showing signs of degeneration; in later stages the nuclear degenera¬ 
tion has proceeded further, until most or all of the nuclear material 



Kin. 12.--A, Cross section of young root, of xanthofcic Banner strawberry showing degeneration 
of Home pericyclo and adjoining cells, X 335; B, longitudinal section of young root of xanthotie 
Banner strawberry showing tissue degeneration m the pericyclo region, X 4(XI 


lias disappeared from the nuclear membrane, and at the same time 
the x or y bodies, or both, have made their appearance. No cells 
have been found containing x or y bodies in which tho nucleus was 
not degenerated. Finally, both the remnant of tho nucleus and tho 
x and y bodies become indistinct. 

SIGNIFICANCE OF THE ABNORMALITIES 

Just what significance may be attached to the abnormalities de¬ 
scribed, and especially to the peculiar cell inclusions, can not be 
definitely stated. The fact that these abnormalities have been found 
constantly associated with the disease, but have never been found 
in roots of healthy plants, would suggest that they must have some 
relation to the disease. It is not believed that they bear any causal 
relation, however. Neither the x nor the y bodies show any struc¬ 
ture that would suggest the possibility of their being organisms. 
They are probably degeneration products of the cell. The fact that 
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R?* Photomicrograph of longitudinal section of young root of xanthotic Banner straw¬ 
berry showing pencycle colls containing x-bodics {x) and a cell Ailed with reticulate, black- 
staining cytoplasm (a), Xi570;|B, pcricyclo coll with degenerated nucleus (n) and a typical 
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they exhibit the same affinity for stains as the nucleus, and that 
they make their appearance in the cell simultaneously with the par¬ 
tial or complete disappearance of the contents of the nucleus, would 
suggest that they may be extruded nuclear material. 

The same type of pathological histology and the same type of cell 
inclusions described here were found by Rawlins (IS) in sugar beets 
affected with curlytop. Yet, as is shown earlier in this paper, the 
evidence indicates that the two diseases, xanthosis of the strawberry 
and curlytop of the sugar beet, are not identical. If it is correct to 
consider these cell inclusions as degeneration products, it must be 
concluded that two distinct, but perhaps similar, causal agents may 
bring about identical pathological manifestations. Until more is 
known of the nature of viruses and the mechanism by which they 
bring about the observed pathological phenomena in plants, any in¬ 
terpretation of the nature of the various abnormalities found must, 
of necessity, be of a speculative character. 

SPECIFIC AND VARIETAL RESISTANCE 

An extensive project to test varietal resistance in strawberries is 
now in progress. The results of these tests will not be known for 
some time; here are given only the results of the observations of the 
last two years regarding specific and varietal resistance. Of the cul¬ 
tivated varieties, the Marshall type, in which are included the 
Marshall, Oregon, Oregon Improved, New Oregon, Oregon Plum, and 
Banner varieties, is the most susceptible to xanthosis. The Nick 
Ohmer, the Melinda, and the Superb are slightly more resistant than 
the Marshall type. The Corsican (Uncle Jim) is interesting in that 
it contracts the disease very readily and shows the yellow leaf very 
prominently, but does not become greatly stunted. The following 
varieties have thus far shown a rather high degree of resistance: 
Early Ozark, Howard 17, Dr. Burrill, Dunlap, Premier, Parsons, 
Campells Early, August Luther, and Americus. They are not im¬ 
mune, however, for when exposed to infection they contract the 
disease, but they do not develop all the typical symptoms. The 
stunting of the plants, for example, is relatively slight compared with 
that of the plants of the Marshall type. Of the wild species, the 
beach strawberry, Fragaria chiloensis Duch., is immune to the disease 
as far as one can judge from external symptoms. Whether or not 
it can harbor the virus has not been determined. The same is true 
of practically all of Ettcr’s varieties and new selections. Over 70 
selections of' these Elter strawberries have been grown for a year in 
the immediate vicinity of diseased Banner plants, under conditions 
most favorable for infection, and with the exception of two, all have 
remained healthy. No transmission experiments were tried to de¬ 
termine whether or not the infective principle is harbored by these 
normal-appearing selections. As all of Etter’s varieties contain, to 
a smaller or greater degree, the chiloensis blood, they owe perhaps 
their high resistance to their wild parent. 

A second wild species, the wood strawberry, Fragaria californica 
C. & S., is apparently susceptible. Plants of this species, growing 
next to a xanthotic Banner plant in a garden in the Santa Cruz 
Mountains, contracted the disease. This is the only instance in 
which xanthosis was_found on wild strawberries. 
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POSSIBLE CONTROL MEASURES 

No definite means of control can be given at this time. The work 
thus far has been chiefly concerned with the etiology of the disease. 
There are, however, certain methods of attack that readily suggest 
themselves as control possibilities. From the present limited 
knowledge of the nature of the causal agent or agents of diseases of 
the virus type, it is clear that no curative measures can be employed. 
Preventive methods, however, have been used in controlling dis¬ 
eases of this kind, and in many cases these have been very successful. 
These methods consist chiefly in the use of planting stock which has 
been obtained as free from a particular virus disease, or a combination 
of such diseases, as possible by means of roguing, seed indexing, etc., 
and in further eliminating the infection by inspecting the plantings 
several times during the growing season and removing any plant that 
is found to be diseased. 

From observations in the field, as well as from the results of certain 
experiments which were started last year and are still in progress, it 
is strongly believed that roguing will prove effective in controlling 
the xanthosis disease, or at least in greatly checking its spread. 
There are, however, certain difficulties which militate against an 
easy application of this method. The most important of these is the 
fact that, as previously stated, the symptoms of the disease are often 
completely masked under certain conditions; and, so, in roguing, 
plants which harbor the virus, but appear healthy, will not be de¬ 
stroyed, and these will serve as a source of infection. The second 
great difficulty is that even when there is no complete masking the 
symptoms of yellows are not very sharp and readily defined during 
the early stages of the disease, and so a certain degree of skill is re¬ 
quired to recognize the doubtful cases. But notwithstanding these 
difficulties it is felt that this method of control is capable of practical 
application if carried out thoroughly under the supervision of trained 
inspectors. 

Another possible method of control may be suggested here, but 
what measure of success will attend its use can not even be predicted 
until more experimental work has been carried out. If it is found that 
xanthosis is specific as to its vector; that is, if it is transmitted only 
by the strawberry aphid, it is possible that it might be controlled 
effectively, indirectly, by spraying or dusting with nicotine, since the 
aphid is very readily killed by this means. 

A more radical means of control lies in the development of resistant 
varieties. This is a long process, requiring years of breeding and 
careful selection, but in this case it appears very promising for two 
reasons: (1) A large number of commercial and semicommercial 
varieties of strawberries show a marked degree of resistance to 
xanthosis, and so there is available an enormous amount of valuable 
material for breeding; (2) the strawberry is an exceedingly convenient 
plant for breeding, since it is propagated vegetatively. Once the 
desired cross has been secured, the work is ended; we are not con¬ 
cerned about its genetic constitution, and it is not necessary to con¬ 
tinue the breeding until a pure line is obtained, as in the case of 
seed-propagated plants. 

In view of these considerations, an extensive breeding project has 
been undertaken for the purpose of developing a variety that will 
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be resistant to xanthosis and that will possess the desirable commercial 
qualities to meet the agricultural conditions in California. 

SUMMAKY 

This paper presents the results of investigations on the etiology 
and transmission of a new insect-borne disease of the strawberry 
(Fragaria). The term “xanthosis” (the Greek equivalent of “yel¬ 
lows”) is proposed as a name for this disease, the symptomatology 
of which is described. 

The economic importance and the geographical distribution of the 
disease are discussed. 

Experimental evidence is given which shows that xanthosis is not 
due to injury from red spider ( Tetranychus telarius Linn.), to lack of 
periodicity, to soil conditions, or to a soil-inhabitating pathogene, 
but that it is caused by some infectious principle of the virus type. 
This is the first disease of this nature to be reported on the strawberry. 

The disease has been successfully transmitted from sick to healthy 
plants by means of infective strawberry aphids ( Myzus jragaejolii 
Ckll.). Aphids that have not fed on diseased plants are noninfective. 

The red spider is not capable of transmitting xanthosis. 

Mechanical inoculation with unfiltered juice from diseased plants, 
or with extract from the crushed bodies of infective aphids, as well 
as by means of leaf mutilation, failed to transmit the disease. 

Xanthosis is not transmitted through the seed. 

Circumstantial as well as direct evidence is given to show that 
xanthosis is not caused by the virus of the sugar-beet curly top. 
The beet leaf hopper ( Eutettix tenellus (Baker)) was found incapable 
of transmitting the causal agent of xanthosis either to strawberries 
or to beets. 

The effect of temperature on the masking of the symptoms of the 
disease is discussed. Air temperatures of about 80° F. and higher 
induce partial to complete masking of the symptoms. 

Extensive cytological and histological studies of the different parts 
of the plant were made, using fresh as well as fixed and stained ma¬ 
terial. The findings of these studies are as follows: 

1 . A mycorrhizal fungus was repeatedly found in the small fibrous 
roots. This fungus has no causal relation to xanthosis, for it is 
equally common in roots of healthy and of diseased plants. No 
other organism was found in any of the above-ground parts of the 
plant. 

2 . The palisade cells of the chlorotic areas of the leaves are con¬ 
siderably shorter and more compact than those of the healthy plants 
or of the green areas of the leaves of the diseased plants. 

3. A degeneration of the tissue of the pericycle region of the roots 
was found to be constantly associated with the disease. In this same 
region cells were often found with partly or completely degenerated 
nuclei and containing two types of black-staining bodies, designated 
in this paper as x and y bodies. These cell inclusions display no 
internal structure, and are considered to be degeneration products. 
Neither the degenerating tissue nor the cell inclusions were ever 
found in roots of healthy plants. 

Specific and varietal resistance to xanthosis are briefly discussed. 
The beach strawberry, Fragaria chiloensis Duch., is immune, as far 

71206—28-3 
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as can. be judged bv external symptoms, while the wood strawberry, 
F. calif arnica C. &‘S., is susceptible. The cultivated varieties show 
varying degrees of resistance, the Marshall and Marshall-like varie¬ 
ties being highly susceptible. 

Possible control measures are suggested and discussed. 
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A COMPARATIVE STUDY OF THE GLUTELINS OF THE 

CEREAL GRAINS 1 


By Ralph K. Larmour 

Division of Agricultural Biochemistry } University of Minnesota 
INTRODUCTION 

When in 1908 the American Society of Biological Chemists (j 2) 2 
drew up the classification of proteins which has come to be known as 
the American classification, there was included for the first time a 
group of proteins designated “glutelin.” This group is characterized 
as consisting of “ simple proteins insoluble in all neutral solvents but 
readily soluble in very dilute acids and alkalies.” Recognition of 
the glutelins was brought about chiefly through the work of Osborne 
and his collaborators, who found that in the case of many of the 
cereal grains—wheat, corn, oats, rye, and barley—there remained 
a fraction of nitrogen after extraction of the grain with water, salt 
solution, and alcohol. It was assumed that this residual nitrogen, 
which could be extracted by means of alkaline and acid solutions, 
represented protein. That this is true was demonstrated in the case 
of wheat, from which a definite alkali-soluble protein, glutenin, may 
be readily extracted and prepared in a state of high purity. Chitten¬ 
den and Osborne (7, 1891) and later Osborne and Clapp {35) isolated 
and studied the glutelin of corn. In 1908 Rosenheim and Kajiura 
(39) isolated from rice an alkali-soluble protein which they called 
“oryzenin.” 

But despite the fact that this class of proteins was included in the 
American classification, there has remained considerable doubt 
wdiether they are at all widely distributed. As lately as 1924 Os¬ 
borne (34) states that “although it is possible that proteins of the 
character of glutelins are widely distributed among the different seeds 
there is no conclusive evidence that this is in fact so.” He goes on 
to say that the only well-defined glutelins are glutenin from wheat, 
oryzenin from rice, and maize glutelin from maize. 

In view of these facts it was deemed desirable to attempt the 
isolation of proteins of the glutelin type from a number of the cereal 
grains, and, if success in this were attained, to make a comparative 
study of the products obtained. 

Furthermore, since the glutelins already isolated have been pre¬ 
pared and analyzed by different workers, it seemed highly desirable 
that as large a number as possible be prepared and analyzed by the 
same worker, in order that strictly comparable data might be obtained. 
The work reported in this paper was -undertaken with these considera¬ 
tions in mind. 


i Received for publication Sept. 12,1927; issued January, 1928. Published with the approval of the director 
as paper No. 723, Journal Series, Minnesota Agricultural Experiment Station. Condensed from a thesis 
presented by R. K. Larmour to the Graduate School of the -University of Minnesota in partial fulfillment 
of the requirements for the degree of doctor of philosophy, Ross Aiken Gortner, major adviser. 
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Vol. 35, No. 12. 
Dec. 15,1927 
Key No. Minn.-60 


Journal of Agricultural Research, 
Washington, D. C. 


( 1091 ) 



1092 


Journal of Agricultural Research 


Vol. 35, No. 12 


HISTORICAL 

GLUTENIN FROM WHEAT 

Glutenin has been known longer and studied more extensively 
than any other glutelin. The reasons for this are not difficult to find. 
In the "first place, it is probably the most distinctive of the five 
proteins of wheat flour. It forms, with gliadin, the combination 
known as gluten, and is generally considered to be the binder wdiich 
holds the gluten proteins together. . Its characteristic property of 
forming gluten when combined physically with gliadin is the factor 
responsible for the ability of wheat flour to form a dough from which 
veast-leavened bread may be produced. 

In the second place, it was long ago suggested that the gliadin- 
glutenin ratio is largely responsible for the quality of the gluten, and 
consequently is of the highest importance as a measure of the strength 
of flour. this naturally led to much investigation of these two 
proteins, and fairly accurate methods were developed for the quanti¬ 
tative estimation of them. Fleurent (11) fixed the optimum at 75 
parts gliadin to 25 parts glutenin. Snyder (42) found the ideal ratio 
to be 65: 35, but he also recognized that the quality factor is probably 
of more importance than the quantity factor. Blish (4), however, 
showed that the ratio is much more nearly constant for different 
flours than had formerly been supposed. Grewe and Bailey (18) 
examined 17 different flour samples collected from various parts of 
the United States and Canada. From the data obtained there was 
no evidence of any substantial variation in the proportion of the 
gluten proteins present in strong and weak flours. Sharp and 
Gortner ( 41 ) and Blish and Sandstedt (6) found that only small varia¬ 
tions occur in the ratio of glutenin to total protein of the flour. 

The early history of the investigations of the proteins of flour has 
been admirably detailed by Osborne (38) and will be passed over 
lightly. Suffice it to say that the first systematic study of the wheat 
proteins was made by Ritthausen. The only quantitative chemical 
method available for comparison of compounds such as proteins was 
at that time the ultimate analysis. This is of little practical value, 
and Ritthausen’s investigations shed little light upon the subject. 
Osborne was the next to undertake an extended investigation of the 
vegetable proteins (, 33 ). He used the Fischer method of analysis, 
which enables one to go a considerable distance in making comparisons 
of various proteins. After the development of the Van Slyke (43) 
method for determining the distribution of nitrogen of the acid hy¬ 
drolysate into various fractions, it became possible to differentiate still 
more clearly the two proteins gliadin and glutenin (4). Analyses by 
these methods (33, 4) seem to furnish sufficient evidence to justify 
the conclusion that glutenin is a chemical entity distinct from gliadin, 
and^not a derivative of the latter through the process of denaturation. 

Yet the individuality of glutenin itself has been called into question 
by Halton (19). Through fractional precipitation of glutenin by the 
addition of add to its alkaline solution, he prepared at least two 
proteins. The separation was effected by adding normal hydro¬ 
chloric acid to the alkaline solution of glutenin until protein sepa¬ 
rated out in a flocculent condition. This protein was separated. 
Further addition of acid to the clear filtrate resulted in a second 
precipitation of protein. The two fractions so obtained were found 
to be unlike when their racemization curves were studied. Blish (5), 
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in an attempt to repeat this work, met with no success. He found, 
however, that glutenin, if partially racemized, precipitated at a 
different hydrogen-ion concentration than did the original glutenin. 
Since Halton had made no record of the hydrogen-ion concentration 
at which his precipitation occurred, it was not possible to duplicate 
his experimental conditions. Blish suggested that a portion of 
Halton’s glutenin may have been raeemized, which would account 
for the two fractions he obtained, and he concludes that glutenin 
represents only one protein. 

The subject has been reopened, however, by Csonka and Jones (9), 
who report the isolation of two glutelin fractions from glutenin. The 
separation was effected by fractional precipitation from a sodium 
hydroxide solution by the addition of ammonium sulphate. The 
differences between the two fractions as shown by analyses were so 
pronounced that there seems to be little doubt that they represent 
markedly different substances. The /3-glutelin, however, was found 
to constitute but a relatively small fraction of the total glutenin and, 
consequently, the value of previous analyses will not be materially 
lessened for the purpose of comparison unless it be found that the 
relative amount of the two fractions varies in different flours. 

A problem of great importance is that of ascertaining whether or 
not the glutenin of different sorts of wheat flour varies, This has been 
attacked from two angles, the chemical and the physical, the latter 
doubtless being the more precise. 

Blish (4) prepared samples of glutenin from a high-grade patent 
flour and from a biscuit flour, and submitted them to the Van Slyke 
analysis. The results, which are given in Table 13, led him to 
the conclusion that the two could not be differentiated chemically. 
Cross and Swain (8) carried out a similar investigation, using four 
widely different types of flour. Their data are also shown in Table 13. 
An inspection of their residts leads to the conclusion that there are 
marked differences in the chemical constitution of the various prepara¬ 
tions. However, they interpreted the data as showing that no dis¬ 
tinction can be drawm. It may be stated here that in the opinion 
'of the writer their data are of doubtful value in settling this question. 

The evidence thus briefly discussed points strongly to the conclusion 
that glutenins from different types of flour are identical. 

Evidence of a different sort is presented by Sharp and Gortner (41) 
as a result of their investigations of viscosity of flour-in-water suspen¬ 
sions. They found that various flours exhibited different changes in 
viscosity when treated with acids and alkali. It w^as shown that 
these differences must be due to the glutenin, since in leaching the 
flour with distilled w r ater in order to remove the electrolytes, most of 
the gliadin was also removed, without, however, causing any sub¬ 
stantial modification of the imbibitional capacity of the remaining 
materials. Without going further into the work of Sharp and 
Gortner, it may be stated that their conclusion was that“ there is an 
inherent difference in the physicochemical properties of the gluten 
from strong and weak flours and that these differences are due to the 
colloidal state of the gluten proteins.” They state further that “it 
has been shown that the differences in colloidal properties apparently 
reside in the protein, glutenin.” 

From the papers cited in the foregoing dicussion it seems evident 
that glutenins from various types of flour are indistinguishable by 
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present methods of chemical analysis, and by means of the measure¬ 
ments of specific rotation, refractive index, and absorption spectra. 
It seems to be equally evident that the glutenins differ decidedly in 
respect to colloidal behavior. These two lines of evidence need not 
be co ns idered opposing. Even though the chemical composition of 
the proteins were so similar that differences could not be detected 
by the finest possible analytical technic, very wide variations in col¬ 
loidal properties might occur. 

GLUTELIN PROM RYE 

Einhof (10) in 1805 made the first study of the rye proteins and 
considered that there were two, namely, an albumin which coagulated 
on boiling, and another, soluble in alcohol, which he called “gluten.” 
Von Bibra (3) was the first to recognize an alkali-soluble protein in 
rye. He called this “casein,” but did not analyze it. 

Bitthausen (37) described three proteins which he found in rye, 
namely, albumin, soluble in water; an alcohol-soluble protein, which 
he called “mueedin”; and an alkali-soluble protein, “gluten-casein.” 
The last named was obtained by extracting the rye meal directly 
with very dilute potash water, precipitating with acetic acid, and 
washing with water, alcohol, and ether. He made tw T o preparations 
and gave as an average for the analyses the following figures: Carbon, 
52.14 per cent; hydrogen, 6.93 per cent; nitrogen, 16.38 per cent; 
sulphur, 1.06 per cent; and oxygen, 23.49 per cent. 

No further work seems to have been done on the alkali-soluble 
protein of rye until Obsorne (30, 81 , 32) investigated it. He gave 
the following distribution of the four proteins in the rye kernel: 

Per cent 


Leucosin, soluble in water___ 0. 43 

Gliadin, soluble in alcohol_ 4. 00 

Edestin and proteose, soluble in salt solution_ 1. 76 

Insoluble in salt solution_ 2. 44 

8.63 


The value for the alkali-soluble protein was obtained by difference. 
He states that— 

since rye flour yielded no gluten on washing with water, the proteid remaining 
in the meal after extracting with salt solution and dilute alcohol, could be ob¬ 
tained only by extracting the residual meal directly with dilute potash w^ater. 
All attempts, however, to thus prepare this substance resulted only in the pro¬ 
duction of small preparations of very variable composition. The gum present 
in the seed dissolved freely in the alkaline solution and made it impossible by 
any means yet discovered to thoroughly purify the preparations. 

He concluded that since rye flour yielded no gluten, this sub¬ 
stance is “partly or wholly, other than glutenin.” Osborne here is 
probably using “glutenin” in the sense of a protein having physical 
properties similar to wheat glutenin, and not in a classification sense. 

A review- of the literature since the time of Obsorne’s publication 
has failed to reveal any further work upon the glutelin of rye. 

GLUTELIN PROM OATS 

There is probably less definite knowledge regarding the proteins of 
oats than of any other of the cereal grains which have been investi¬ 
gated in this respect. 

Norton (28) seems to have been the first to leave any record of 
wrork upon the proteins of the oat kernel. He recognized three 
proteins, viz: 
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1- Albumin, 0.5 to 2.17 per cent, which was taken up from the 
epidermis (after starch had been mechanically removed by elutria- 
tion with slightly ammoniacal water) by boiling with acetic acid. It 
was precipitated by neutralizing the solution. 

2 . Casein or “avenine,” as it was named by Johnston, 15.76 to 
17.72 per cent, dissolved in slightly ammoniacal water and pre¬ 
cipitated by acetic acid. 

3. Gluten, 1.33 to 2.46 per cent, which was extracted by alcohol. 

Von Bibra (3) found that no gluten could be obtained from oat 

flour by kneading with water. He recognized four proteins or nitrog¬ 
enous substances. These were albumin, 1.24 to 1.52 per cent, pre¬ 
cipitated b} 7 boiling the cold-water extract of the ground oats; 
casein, 0.15 to 0.17 per cent, the material separating from the hot 
alcohol extract on cooling; plant gelatin, 3 to 3.25 per cent, the 
substance soluble in both hot and cold alcohol; and a nitrogeneous 
substance insoluble in water and alcohol, 11.38 to 14.85 per cent. 

Kreusler {26) obtained oat gliadin, soluble in weak alcohol, and 
oat legumin, soluble in very dilute alkali. 

After Kreusler’s work there seems to have been no further investi¬ 
gation of the oat proteins until Osborne {29) undertook a study of 
them. Osborne concluded that the protein which is extracted from 
oats by 0.2 per cent KOH solution is in reality an insoluble modifi¬ 
cation of the globulin. He makes the following statement: 

The proteid extracted, after complete exhaustion of the oats with alcohol of 
0.9 specific gravity, by 10 per cent salt solution . . . and that dissolved out 
by dilute potash . . . have so nearly the same composition as the globulin 
extracted by salt solution directly, that they may be regarded as originally 
identical. 

Osborne found further that when ground oats are exposed to the 
action of water only, a large amount of the proteins become insoluble 
in dilute potash solution, the amount thus rendered insoluble in¬ 
creasing with the duration of the contact with water. One hour's 
treatment rendered one-half, and 24 hours rendered two-thirds, 
insoluble in 0.2 per cent KOH solution. The composition of the 
part soluble in KOH after action of water and removal of the alcohol- 
soluble protein, was found to be indistinguishable from the globulin 
soluble in salt solution. 

As a result of this investigation, Osborne stated that the proteins 
present in the oat kernel are: A proteose and an acid albumin, dis¬ 
solving out in water; a globulin extracted by cold 10 per cent salt solu¬ 
tion; and a globulin extracted by means of 10 per cent NaCl solution 
at 65° C. which separates out from the saline solution upon cooling. 

It must, however, be borne in mind that the only means for com¬ 
parison of proteins available at this time was the elementary or 
ultimate analysis. It has since been shown that proteins of the 
most widely varying properties may give elementary analyses which 
check very closely. 

A search of the literature has revealed no further attempt to eluci¬ 
date this problem until Lfiers and Siegert {27) undertook to repeat 
Osborne's work. They prepared the alcohol-soluble protein, two 
forms of the globulin, one extracted by cold 10 per cent NaCl solution 
and one extracted by 10 per cent NaCl solution at 65° C., and the 
alkali-soluble protein. The last named was prepared by extracting 
the p meal with 0.2 per cent cold KOH solution after it had been 
previously exhaustively extracted with dilute alcohol. The prepa- 
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rations were, submitted to the Van Slyke nitrogen-distribution 
analysis. Differences undiscovered by the elementary analyses of 
Osborne were thus revealed. The only significant differences between 
the avenalin and the alkali-soluble protein were found in the ammonia 
and the huniin fractions. Curiously enough, the sum of these two 
fractions was the same for both proteins. Leaving the ammonia 
and humin fractions out of consideration, there was such close agree¬ 
ment between these two analyses that one is justified in concluding 
that thev represent analyses of the same protein in different degrees 
of purity. Is it to be decided then, on this evidence, that there is 
no glut elm in the oat kernel? Osborne was inclined to believe that 
the avenalin is a changed protein, resulting in some way from the 
presence of water. It is difficult, however, to believe that such 
profound differences as were shown by two of the preparations 
would be produced through this agency. 

GLUTELIN FROM CORN 

Reference to the work on com is greatly facilitated by the admirable 
bibliography compiled by Keith (24). 

Prior to the investigation by Chittenden and Osborne (7, 1891) 
practically no work had been done upon the proteins of corn. 
Kitthausen (38) mentions “maize-fibrin,” a substance soluble in 
alcohol. TTeyl U4) stated that the powdered seeds of corn yielded 
a globulinlike substance soluble in 10 per cent NaCl solution, which 
after purification by repeated precipitation in water and re-solution 
in 11) per cent XaCl, coagulates at 75° C. No mention, however, 
feeems to have been made of the alkali-soluble protein. 

Chittenden and Osborne (7, 1892) reported that “corn meal, after 
thorough extraction with salt solution and warm dilute alcohol, yields 
little proteid matter to dilute solutions of potassium hydroxide (0.2 
per centj. The proteins which they reported at that time were three 
globulins, one or more albumins, and an alcohol-soluble protein. 

Osborne and Clapp (35), however, isolated a considerable quantity 
of the alkali-soluble protein. Regarding it they say: 

Of iU individuality as a protein substance we, of course, know nothing, for 
it has heretofore been impossible to obtain any considerable quantity of it in 
a state of even approximate purity as regards admixture with nonprotein 
substances. 

^ Since 1907 considerable work has been done on com proteins, but 
no record of the isolation and analysis of the com glutelin has been 
found. 

GLUTELIN FROM BARLEY 

Prior to Osborne’s work, very little had been done in regard to the 
proteins of barley. Von Bibra (3) names albumin, plant gelatin, and 
casein as constituents of barley, but gives no particulars conce rnin g 
them. a Presumably the alkali-soluble protein is indicated by the term 
“casein.” 

Kreusler made an investigation of the barley proteins, the results of 
winch are given by Kitthausen (38). The “ gluten-casein,” which evi¬ 
dently corresponds to von Bibra’s casein, was prepared by cooling the 
hot alcoholic extract, whereupon a precipitate settled out. This, when 
purified by boiling with dilute alcohol and fractionally precipitated 
from solution in acetic acid, had the following composition: Carbon, 
53.84 per cent; hydrogen, 7.16 per cent; and nitrogen, 16. 63 per cent. 
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Osborne (30, 81, 32) found that after extraction of the barley flour 
with 0.5 per cent salt solution, and then repeatedly with hot 75 per 
cent alcohol, there still remained 41.7 per cent of original nitrogen in 
the material. He concluded that since the proteins prepared from 
barley flour are all so similar to those obtained from wheat flour, 
this seed also contains a considerable quantity of protein soluble only 
in dilute alkaline solutions. He stated, however, that— 

all attempts ... to thus prepare it in quantity sufficient to yield preparations 
of even approximate purity resulted in complete failure. 

He adds that— 

the previous extraction of the flour to remove the proteids already described 
seemed to render to a great extent the remaining proteid insoluble in potash 
water and only insignificant precipitates resulted on neutralizing the extracts. 
The barley flour also contained a large quantity of gum which rendered the 
filtration of the alkaline extract very difficult, as this gum dissolved freely in 
potash water. 

It looks as though this had been accepted as the final word upon the 
subject, for since that time there has been discovered no attempt to 
isolate the glutelin from this cereal. 


EXPERIMENTAL 


The problem presented was the preparation and analysis of the 
known glutelins of the cereals wheat, Triticum vulgare; rice, Oryza 
sativa; corn, Zea mays; and oats, Arena satlva; and of the unknown 
glutelins of the cereals einkorn, Triticum monococcum; eminer, T. 
aicoccum; durum wheat, T. durum; teosinte, Eudilaena mexicana; 
rye, Secale cereale; and barley, Hordeum vulgare. 

NOMENCLATURE 


It may be considered that there is no nomenclature for this class 
of proteins. “Glutenm” has been established by long usage for the 
glutelin of wrheat. “Oryzenin” is a logical name for the glutelin of 
rice. There remains, however, the necessity for inventing names for 
the glutelins of these other grains, unless we are to be content to 
designate them oat-glutelin, rye-glutelin, etc. In selecting suitable 
names, it is highly desirable to have some distinctive suffix and one 
that is related in some manner to the generic name of the grain. 
Accordingly, it is suggested that the glutelins which have been pre¬ 
pared be named as follows: 


Source of glutelin 
Triticum vulgare. 

Triticum spelta. 

Triticum durum . 

Triticum dicoccum. 

Triticum monococcum . 

Secale cereale. 

Avena sativa . 

Hordeum vulgare. 

Zea mays. 

Euchlaena mexicana (teosinte). 
Oryza sativa. 


Name suggested 
Glutenin (name in use). 
Spelta-glutenin. 
Duro-glutenin. 
Dicoeeo-glutenm. 
Monococco-glutenin. 
Secalenin. 

Avenin. 3 

Hordenin. 

Zeanin. 

Teozeanin. 

Oryzenin (name in use). 


In the succeeding portions of this paper, these names will be used 
in referring to the various proteins. 


a Abderhalden and HSmhMmen ( 1) used the term “avemn" to designate the mixture of proteins pre¬ 
pared by extracting oats with NaOH solution without previous removal of albumin, globulin, and pro¬ 
lamine. It should be reserved for the glutelin alone. 
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PREPARATION AND ANALYSIS OP THE PROTEINS 
Method 

In the isolation of glutelins as described by Osborne, the solutions 
of the protein in 0.2 per cent alkali were filtered clear. Filtering the 
alkaline solutions was found impracticable in the present experi¬ 
ments, however, on account of the large volumes of liquid necessary 
in the extraction of some of the proteins. Consequently the super¬ 
centrifuge was called into use. Unfortunately, however, for the 
uniformitv of the procedure, the machine went out of order toward 
the end of the work; so that three of the proteins, monococco- 
glutenin, hordenin, and or} T zenin^ had to be treated in a manner 
different from the others. A detailed description of the methods of 
preparation is given, however, for the individual proteins. 

All extractions were carried out at room temperature, the materials 
being well protected with toluene. 

All nitrogen determinations were made by the Kjeldahl-Gunning 
method. 

Moisture was determined by heating at 102° C. for two hours 
in a Freas oven at atmospheric pressure. This method gives repro¬ 
ducible results, and checks fairly closely the vacuum-oven pro¬ 
cedure. The samples, after drying, were ashed in platinum at 
approximately 555° C. 

The nitrogen distribution was carried out in general as described 
by Van Slyke {43). In all cases the proteins were hydrolyzed with 
60 c. e. of 20 per cent hydrochloric acid for 24 hours, and filtered 
immediately at the end of this time. The analyses were performed 
on duplicate solutions, A and B, which are so indicated in the tables. 

Modifications introduced were as follows: The acid-insoluble 
humin was filtered off after hydrolysis and its nitrogen content 
determined. The acid-soluble humin was determined after the 
ammonia nitrogen determination. The nitrogen in the precipitate 
of barium phosphotungstate from the solution of the bases, after' 
very thorough washing, was determined by the Kjeldahl method, 
and its nitrogen content reported as phosphotungstic acid humin 
nitrogen. In precipitating the bases, the solutions were heated to 
near the boiling point before adding the hot 15 per cent phospho¬ 
tungstic acid solution. No immediate precipitation occurred in 
this case, but upon slowly cooling to room temperature, a very 
dense crystalline precipitate settled out. Thereafter the solutions 
were kept for 48 hours in an ice-cooled refrigerator. Arginine was 
determined by the use of the apparatus described by Holm (S3). 

In making calculations, no corrections were made for the solubility 
of the phosphotungstates of the bases. 

Source of Proteins 

The materials used in the preparation of these proteins were the 
residues from the alcoholic extraction of the prolamines by Hoffman 
and Gortner (St). These residues had been dried in drawers over 
steam pipes, and then stored in cans. This material was used 
rather than fresh samples in order to avoid the rather laborious task 
of removing the alcohol-soluble proteins prior to extraction of the 
glutelins. Subsequent experience, however, has led to the conclu- 
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sion that time might have been saved by beginning with fresh grains, 
since these residues had become so hard, due to desiccation, that it 
required, in some cases, weeks in order to get them soaked properly. 

GLUTENIN FROM WHEAT 

Glutenin was prepared by a modification of Osborne’s (S3) method. 
There was placed 690 gm. of the crude glutenin (residue from Hoff¬ 
man^ extraction of gliadin) in a 5-gallon stoneware jar with 18 to 20 
liters of 0.2 per cent sodium hydroxide solution, and this v^as stirred 
frequently for one day. After allowing the mixture to stand undis¬ 
turbed for 24 hours, 12 liters of the clear solution was removed by 
siphoning, and this was replaced by 12 liters of fresh 0.2 per cent 
NaOH solution. This procedure was repeated three times, until all 
the solid material was dispersed. 

The solutions as removed were neutralized with 0.2 per cent 
HC1 until the precipitate settled, leaving an absolutely water-clear 
supernatant liquid. This was considered to be the point of maxi¬ 
mum flocculation of the protein. The precipitates thus obtained 
were collected and redispersed in 5 to 6 liters of 0.2 per cent NaOH 
solution. As soon as possible after the addition of the alkali, the 
solution -was put through a Sharpies supercentrifuge, 40,000 revo¬ 
lutions per minute, at the medium rate of feed. It was then put 
through again at the slowest rate of feed, which gives the maximum 
separation attainable with the machine. These solutions did not, 
even with this treatment, come out absolutely clear, but always 
showed a slight opalescence. This, of course, would be expected, 
since the volume of NaOH solution used in the second dispersion 
was kept as low as possible in order to save time in centrifuging. 
The solutions were finally diluted by the addition of an equal 
volume of distilled water and the protein precipitated by the addi¬ 
tion of 0.2 per cent HC1. 

After allowing the precipitate to settle, the supernatant liquid was 
siphoned off and 3 to 4 liters of recovered ethyl alcohol (85 per cent) 
was added. This was stirred frequently for one day and then de¬ 
canted off. There followed six successive similar washings with 95 
per cent ethyl alcohol. This, it w~as thought, removed all traces of 
gliadin. Analysis of the alcohol after the fourth washing showed 
0.0017 per cent nitrogen. The protein was washed twice more after 
this and finally four successive times with 1 to 2 liters of ether. It was 
then filtered on a heavy cloth, dried for 36 hours at approximately 
60° C., and finally ground in a ball mill for 5 hours. The white 
powder so obtained was subjected to a further drying of 48 hours at 
50°“60° in a Freas oven. It was analyzed with the following results: 

Per cent 


Moisture-- 0, 99 

Ash-.—____ 1.01 

Nitrogen_ 16. 31 

Nitrogen corrected for ash and moisture_16. 64 


Table 1 stows the nitrogen distribution of the glutenin thus pre¬ 
pared. 
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Table 1 .—The nitrogen distribution of glutenin as determined by the Van Slyke 
method expressed as percentages of total nitrogen 

Nitrogen 

Ammonia X. 

Total himun N... 

Acid insoluble... 

Acid soluble... 

Pbosphotungstie.. 

Total basic X. 

Arginine.. 

Cystine. 

Lysine. 

Histidme. 

Total filtrate X.. 

Amino.. 

Xonamino.. 

Total.. 

By reference to the first two entries in Table 13 it will be noted 
that these figures in Table 1 agree fairly well with those obtained 
by Biish, except for the histidine, lysine, and nonamino nitrogen of 
the filtrate. Either the values for the amino nitrogen determinations 
are too high in the writers data or they are too low in those of 
Biish. In respect to the writer’s data, it is considered that A is 
in error in the basic fraction. The values shown under B are more 
nearly correct than the mean value. As will be shown subsequently, 
there is no justification for accepting differences in check determina¬ 
tions as great as those given here. Since all the other fractions 
check very well, it is assumed that loss of material occurred during 
the concentration of the solution of the bases. 

SPELT A-GLUTENIN FROM SPELT 

This protein was prepared by extracting 680 gm. of the spelt 
residue five successive times with 12-liter portions of 0.2 per cent 
NaOH solution. The duration of the extraction periods was 1, 5, 5, 6, 
and 11 days, respectively. The solutions as siphoned off were quite 
clear and yielded only very small precipitates. The five precipitates 
thus obtained were collected and redispersed in about 7 liters of 
0.2 per cent NaOH solution, and within 30 minutes the liquid was 
put through the supercentrifuge at the slow rate. The liquid came 
through quite clear, but was a deep orange color. In the bowl of the 
centrifuge there was left a considerable quantity of almost white 
material of a gummy nature. Starch thrown out of suspension at 
40,000 revolutions per minute forms a dry hard cake on the walls of 
the centrifuge bowl, and is nearly all found at the lower end of it, 
but this material was quite soft, even slimy, and extended most of 
the length of the bowl. It was removed and triturated with alcohol, 
washed several times with 05 per cent alcohol, and finally with ether. 
After drying, it was ground in a mortar. There was thus obtained a 
white powder, which showed upon analysis a nitrogen content of 
0,87 per cent. 

The dear solution, upon addition of HC1, yielded a light brown 
precipitate of the protein. This was treated in the manner described 
under glutenin. Color was extracted by all treatments with alcohol, 
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but no color appeared in the ether. After drying at 60° C. and 
grinding in the ball mill, 16 gm. of fawn-colored powder was 
obtained, which was analyzed, with the following results: 

Per cent 


Moisture_ 6. 55 

Ash_____ 1.03 

Nitrogen_ 11. 29 

Nitrogen corrected for ash and moisture_12. 21 


Table 2 shows the nitrogen distribution of spelta-glutenin. 

Table 2. —The nitrogen distribution of spelta-glutertin as determined by the Van 
Slyke method , expressed as percentages of total nitrogen 


Nitrogen 


Ammonia N.. 

Total humin N. 

Acid insoluble.-- 

Acid soluble. 

Phosphotungstic. 

Total basic N. 


Arginine.... 

Cystine. 

Histidine... 
Lysine. 

Total filtrate N. 


Amino_ 

Nonamino. 


Total. 


A 

B 

Mean 

7.77 

S.34 : 

8.06 

5 12 

4.93 

5.02 

2.76 ! 

2 52 ' 

2.64 

1.26 ! 

1.19 . 

1.22 

1.10 , 

1.22 

1.16 

24.30 

24.57 ; 

24.44 

13.31 

13.75 i 

13.43 

.34 ; 

.49 

.41 

! 2.76 | 

2. S3 

2.80 

; S. 09 1 

7.50 

7.80 

1 62.45 | 

61.68 , 

62.07 

! 56.49 i 

56.20 : 

56.35 

! 5.96 j 

5.4S , 

5.72 

i 99.64 f 

99.52 [ 

99.59 


i 


DURO-GLUTENIN FROM DURUM WHEAT 

The protein was prepared by extracting 620 gm. of the crude 
glutelin with 18 to 20 liters of 0.2 per cent NaOH solution, and 
afterwards the seven successive 12-liter portions in the manner 
heretofore described. The duration of the extraction periods was 
3 , 2, 4, 5, 7, 6, 4, and 6 days, respectively. The first two batches of 
solution were quite clear and were not centrifuged, but all the later 
ones were put through the supercentrifuge as they were siphoned 
from the extraction jar. The first five precipitates obtained were 
combined and worked up in the manner described under glutenin, 
and the last three were collected and worked up separately. 

As in the case of the spelta-glutenin, there was obtained during 
the supercentrifuging a white gummy residue which was retained. 
The residues from all the different centrifugings were combined and 
extracted for 10 days with 8 liters of 0.2 per cent NaOH solution. 
This was then decanted off and the residue washed with alcohol and 
ether and dried. The nitrogen content of the residue was found to 
be 0.62 per cent. 

The two batches of protein varied in nitrogen content, No. 1 
having 15.5 per cent and No. 2, 14.2 per cent.. The material was 
almost white, and upon analysis gave the following values: 

Per cent 


Moisture_ 1. 78 

Ash---- .28 

Nitrogen_ 15. 15 

Nitrogen corrected for ash and mositure_15. 46 


A 
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Table 3 shows the nitrogen distribution of duro-glutenin, prep¬ 
aration 1. 


Table 3. —The nitrogen distribution of duro-gluienin as determined by the Van 
Slyke method , expressed as percentages of total nitrogen 


Nitrogen -A. 

B 

Mean 

Ammonia X....-.---- 13.11 

13.40 

13.25 


2.56 

2.49 

Add insoluble.-. •§' 

Acid soluble.-.; 

Phosphotungstie.-.j * 71 

.81 

.74 

1.01- 

.84 

.79 

.86 

Total basic X.-. 21.13 

21.28 

21.20 

Arginine.-.-.i 10*44 

Cystine.! • 05 

Histidine... 6.33 

Lysine.. 3.41 

11.56 
.81 
5.36 
3.55 

11.00 
.88 
5.84 
3.48 

Total filtrate X. 63.26 

63.69 1 

63.48 

Amino....---1 54.57 

Nonamino.-...., 8.69 1 

54.37 

9.32 

54.47 
9.01 

Total.-. 99.92 

100.93 

100.42 


DICOCCO-GLUTENIN FROM EMMER 

In the extraction of dicocco-glutenin 2,640 gm. of the Hoffman 
residue was used in two separate batches. The solutions as siphoned 
off were fairly clear and were not supercentrifuged. The first extrac¬ 
tion was of S days duration, the second 13 days, and the third 9 days, 
for each batch. At the end of this time the amount of precipitate 
obtained was negligibly small and the extractions were discontinued. 
The crude protein obtained from the first extraction of 8 days was 
combined and worked up as preparation 1, while the combined 
precipitates of the following two extractions were worked up later 
as preparation 2. On redissolving, 5 liters of NaOH solution was 
used. The solution was immediately put through the supercentri¬ 
fuge twice. In this case no significant amount of gummy material 
was obtained. There was a small amount of starch thrown out in 
the lower part of the bowl. The solution as it finally came from 
the supercentrifuge was practically water-clear and was considered 
one of the best examples of separation so far obtained. The two 
preparations analyzed for nitrogen 14.23 and 13.45 per cent, respec¬ 
tively. There was no difference in the appearance of these two 
preparations, and so far as it could be controlled, the technic of 
preparation was the same in each case. Preparation 1 was used in 
the following analyses: 

Per cent 


Moisture_ 1 52 

A?*-—.—::::::::::::::: :ss 

Nitrogen...... 1423 

Nitrogen corrected for ash and moisture..14. 58 


Table 4 shows the nitrogen distribution of dicocco-glutenin, prepa¬ 
ration 1. 
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Table 4 . —The nitrogen distribution of dicocco-glutenin as determined by the Van 
Slyke method, expressed as percentages of total nitrogen 


Xitrogen 

Ammonia X. 

Total humin X. 


Acid insoluble.___ 

Acid soluble_ 

Phosphotungstic „ 


Total basic X_ 

Arginine— 
Cystine... 
Histidme.. 
Lysine.... 


Total filtrate X. 


Amino. 

Nonamino.. 


Total.. 


| A 

B 

Mean 

; 11.04 

11 07 

11.06 

! 4.41 

4.84 

4.63 

1.47 

1.45 

1.46 

1 1.S7 

2.44 

2.16 

1 1.07 

.95 

1.01 

24.96 

24.24 

24.60 

I 13.03 ! 

! 13.03 ' 

13.03 

! .79 i 

. 71 

; .75 

5.33 

4.26 ; 

1 4.80 

5. SI 

| 6.24 

| ,j6 02 

! 59 07 

59.59 

j 59.34 

54.68 1 

54.13 

54.41 

| 4.39 

5.46 

4.93 

99. 48 ' 

99.74 

99.63 


MONOCOCCO-GLUTENIN FROM EINKORN 

Einkom residue to the amount of 1,830 gm, was used in this prepa¬ 
ration in one batch. Periods of extraction were 6, 3, 10, and 10 
days, respectively. The precipitates as collected were kept under 
alcohol of approximately 50 per cent strength, which was changed at 
intervals of 3 or 4 days. This extracted a considerable amount of 
reddish coloring material. In no case was the precipitate obtained 
from the 12 liters of solution very great in quantity. After redis¬ 
solving the collected precipitates, it was found that the supercentri¬ 
fuge was out of order, and it was decided to try filtering the solution. 
Previous experience had shown that filtration through ordinary filter 
paper removed very little of the suspended material. A heavy duck 
filter cloth was tried, but it was found that in a very short time the 
rate of filtration became so slow that this method was impractical. 
A layer of filter paper pulp, 1 to 1 inches in thickness on a Buchner 
funnel was then tried, using a suction pump. This method was satis¬ 
factory for a small amount of solution, say the first 2 liters, but the 
mat rapidly became clogged and even in vacuum of 30 mm. Hg the 
rate of flow was impossibly slow. To overcome this difficulty, 
recourse was had to the addition of alcohol to the alkaline solution 
of the protein. An equal volume of 95 per cent methyl alcohol was 
added, and this solution filtered with reasonable rapidity. It was 
filtered twice, and the resultant solution was practically water-clear 
and of light brown color. 

The subsequent treatment of this protein was somewhat different 
from those heretofore described, because time had become a matter 
of importance. A full description of it will be given, since two other 
proteins were prepared in the same manner, namely, hordenin and 
oryzenin. 

Dilute acetic acid was added to the clear filtrate, until it was 
judged that optimum precipitation had occurred. The precipitate 
was allowed to settle for approximately an hour, the supernatant 
liquid decanted, and the remainder of the material poured out upon 
a heavy duck filter cloth and allowed to drain until most of the liquid 
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had passed off. The cloth was then gathered up in the hands and 
as much of the remaining liquid as possible was removed by twisting 
the cloth. The protein was then removed from the cloth with a 
steel spatula and triturated in a large porcelain mortar with absolute 
ethyl alcohol. This was allowed to stand with frequent stirring for 
24 hours and the process repeated. After three such treatments 
ether was substituted for alcohol, and it was found, that two treat¬ 
ments of 24 hours’ duration with ether were sufficient to desiccate 
the protein to such an extent that it would dry to a powder in the 
course of 3 to 6 hours at room temperature. When most of the 
ether had evaporated, the protein was lightly rubbed in a mortar and 
placed in a Freas oven at 50-60° C., and allowed to dry for 24 hours. 

This method of purifying the proteins seems to involve considerable 
loss. While there was” not a great deal of crude protein originally 
extracted, the amount finally obtained, namely, 5 gm., was dis¬ 
appointingly small. It is probable that precipitation from the 
alcoholic NaOH solution is not as complete as from the aqueous 
XaOH solution. This, however, is conjecture, and is a matter for 
further investigation. 

The product obtained was an exceedingly fine powder of light 
brown color, which upon analysis gave the following results: 

Per cent 


Moisture. -____ 1*43 

Ash_ 1. 07 

Nit rogen---- 13.23 

Nitrogen corrected for ash and moisture- 13. 57 


Table 5 shows the nitrogen distribution of monococco-glutenin. 

Table 5. —The yiitrogen distribution of monococco-glutenin as determined by the 
Van Slyke method , expressed as percentages of total nitrogen 


Nitrogen 

A 

B 

Mean 

1 

Ammonia X________ 

10.80 

10.76 

10. 78 


Total humin N______ 

6.03 

6.05 

6.04 


Acid insoluble... 

2.69 

i 2.68 

2.69 

Acid soluble......... 

2 30 

2.24 

2.27 

Phosphotungstic..... 

1.04 

| 1.13 

1.08 


Total basic N........ . 

20.09 

20.22 

20.16 


Arginine________ 

11.74 ! 

11.97 

11,86 

Cystine.... 

1.09 

1.00 

1.04 

Histidine........ 

2.47 

2.40 

2.44 

Lysine..... 

4.79 

4.85 

4.82 


Total filtrate N_. 

63.28 

63.25 

63.26 


Ammo. 

56.74 

56.59 i 
6.66 

56.66 

Nonamino. 

i 6.54 

i 

6.60 

Total. 

| 100.20 

1 

100.28 

100.24 


SECALENTN FROM RYE 

In the preparation of this protein a slight departure was made from 
the ordinary routine. It was thought desirable to ascertain, if 
possible, whether or not there might be different kinds of protein 
extracted during the course of the long-continued treatments with 
alkaline solutions, which seem to be necessary in order to extract 
the protein material from the residues from the alcoholic extraction. 
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Accordingly it was decided to collect five separate fractions. The 
first four fractions were taken off after successive periods of extrac¬ 
tion of 24 hours ± 1 hour, while the fifth fraction contained all the 
protein collected in subsequent extractions. Thus the preparations 
would result from exposure to the XaOH solution for periods of 
1, 2, 3, 4, and 5 to 7 days. In all cases very small quantities of 
protein were obtained from the solutions as siphoned off from the 
extraction vessels. The volume of NaOH solution used was so large 
that no attempt was made to centrifuge at this time. Instead, it 
was thought advisable to collect the crude precipitates and redissolve 
them in as small volumes as possible and then centrifuge them very 
thoroughly. This was accordingly attempted. It was found, how¬ 
ever, that in trying to put the collected precipitates back into solu¬ 
tion a residue always remained, that is to say, clear solutions such 
as the original extracts could not be obtained. The mixture was, 
hovrever, passed through the centrifuge, and it was found that the 
insoluble portion was more or less completely thrown out of suspen¬ 
sion on the walls of the centrifuge bowl. This substance, which was 
encountered here for the first time in significant quantity, did not 
look like starch, since it was soft and slimy rather than hard and 
caked as starch would be after centrifuging. Not much attention 
was paid to this material at first, but when the same phenomenon 
was noted with successive fractions, it was thought advisable to 
keep the material in case it might prove to be protein. A sample 
of this substance was dried with alcohol and ether and analyzed. It 
contained 0.21 per cent nitrogen. It was further observed that this 
material might be dispersed in concentrated alkali solution to form 
a light brown highly viscous solution or dispersion. This on neutral¬ 
ization gave a flocculent white precipitate which settled very slowly. 
On the addition of 85 per cent alcohol the material evidently floc¬ 
culated further, and settled more rapidly. It was washed three 
successive times with alcohol and finally with ether. After some 
washings with ether the precipitate had conglomerated and become 
gellike, so that it could be lifted out by hand. It could be stretched 
and kneaded like gluten, which, in fact, it resembled considerably. 
After the ether had evaporated, the exterior of the mass became 
sticky, and finally dried down to a dark brown horny mass, which 
ground up to a pure white powder. It was concluded that this 
material is probably the “gummy substance 1 ' referred to by Osborne, 
and may be responsible for the difficulty hitherto encountered in the 
preparation of the glutelin of xye. 

Unfortunately the significance of the gummy material described 
above did not become apparent until after most of the fractions of 
the rye protein had been prepared. Consequently there is no check 
upon the length of time which elapsed between the redissolving of 
the crude protein and the centrifuging of it, and it is thought that 
variations in this period might have been responsible for the varying 
degrees of purity of the preparations obtained. 

The five preparations gave upon analysis a nitrogen content of 
12.00, 13.30, 15.15, 13.02, and 11.05 per cent, respectively. In an 
attempt to redissolve preparation 1 in order to undertake further 
purification of it, the whole sample was lost. The amounts of pro¬ 
tein were small, ranging from 10 to 15 gm. each. The preparations 
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varied in color from liarht cream for Nos. 3 and 5, light brown for No. 
2, to dark brown for No. 4. Analyses of the four fractions gave the 
following results: 


Preparation I Ash 

Moisture 

Nitrogen 

Nitrogen 
corrected 
for ash 
and mois¬ 
ture 

1 Per cent 

, _ ... 0.56 

1. ..50 

i ... ..’ 38 

*.... „ . 1 19 16 

Per cent 
2.19 
2.46 

1 75 
2.60 

i 

S Per cent 
\ 13.30 

! 15.15 

| 13.02 

11.05 

Per cent 
13 67 
15.61 
13.30 
14,12 


The preparations 2, 3, 4, and 5 were submitted to the Van Slyke 
method of analysis, but only the results for 2, 3, and 5 are given in 
Table 6, since &o. 4 was ruined. 


Table 6.— The nitrogen distribution of secalenin as determined by the Van Slyke 
method , expressed as percentages of total nitrogen 


Nitrogen 

Preparation 

2 

Preparation 3 

Preparation 5 

A i 

B 

Mean 

A 

B 

Mean 

A 

B 

Mean 

Arantoma N_ 

_ 9. 86 ! 

9.09 ‘ 

9. 78 

10.70 

10.91 

10 SO 

7. 05 

7.22 

7.14 

Total burn in N.. 

_ 5. 44 ! 

5 14 i 

5 29 

4.46 

4.15 

4 30 

4.40 

4.21 

4.30 

Acid insoluble. 

. 2. lb | 

2.17 1 

2 17 

1. 53 

1.53 

1 53 

1. 44 

1.32 

1.38 

Acid soluble_ 

. 2. 16 

1.86 | 

2 01 

1.80 

1. 66 

1.73 

2.03 

2.00 

2.01 

PhosphotungstKN . 

.' 1.10 

1.11 | 

1.11 

1.13 

.96 

1 04 

.93 

.89 

.91 

Total basic X_ 

. 25. 54 1 

26.22 ; 

25.88 

25.40 

25 40 

25.40 

25. 79 

25.79 

25.79 

Arginine.. 

. 13. 58 1 

13.73 

13. 05 

33.98 

13. 74 

13.86 

13.85 

13. 75 

33.80 

Cystine... 

_ .60 1 

.33 | 

.47 

.70 1 

.65 | 

.68 j 

.63 

.56 

.60 

Histidine. 

_ 5. 19 1 

5.25 i 

5 22 

5.11 i 

5.39 i 

5. 25 

3 67 

3.66 

3.66 

Lysine.. .- 

_ 6 IT i 

6 91 

0. 54 

5. 01 i 

j 5. 62 ' 

5.61 

7.64 

| 7.82 

7.73 

Tot il fill rate X. 

. 58. 16 | 

58.51 | 

58. 34 

59.50 

59 49 i 

59.49 

62.29 

62.71 

62.50 

Amino.-. 

... „ ’ll.66 i 

52 21 

51.94 

52.70 

52 78 | 

52.74 

57.94 

58.35 

! 58.14 

Xcmommo. 

_ 0. .50 | 

6.30 ; 

6 40 

6 80 

j 6. 71 1 

6 75 

4. 35 

4.36 

4.36 

Total.—. 

. 09. 00 i 

99.56 | 

99 29 

100 06 

99,95 ; 

99 99 

99. 53 

99.93 

i 

i 99.73 


AVENIN FROM OATS 

Extraction of S kgm. of material was carried on in tlie manner 
described under glutenin. All the crude precipitates were col¬ 
lected and worked up together. The whole was dispersed in 30 
liters of 0.2 per cent NaOH solution and passed through the super- 
centrifuge twice. Considerable amounts of starch and some gummy 
material were thus removed. Unfortunately the gummy material 
was not kept. The resultant solution was fairly clear. It was 
diluted about 1:1 with distilled water, and the protein precipitated 
by means of 0.2 per cent HC1 solution. The supernatant liquid 
was decanted off and the residue washed five successive times with 
95 per cent alcohol, using about 6 liters per washing. It was finally 
extracted with 3 liters of ether, drained on a filter cloth, dried in the 
air for 24 houps, finally over steam pipes for 40 hours, ground in a b all 
mill, and again dried over the steam pipes for 14 hours. There was 
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obtained 250 gm. of a light, cream-colored material, which upon 
analysis gave the following results: 

Per cent 


Moisture_ 2. 04 

Ash_ 1. 41 

Nitrogen___ 15.23 

Nitrogen corrected for ash and moisture_ 15. 77 


Table 7 shows the nitrogen distribution of avenin. 


Table 7. —The nitrogen distribution of avenin as determined by the Van Slyke 
method , expressed as percentages of total nitrogen 


Nitrogen A 

B 

Mean 

Ammonia N.. ! . n 91 

| 11.82 

11.87 

Total huminN. 3 .67 | 

| 3.38 

3.53 

Acid insoluble.■ l. 50 

Acid soluble. _ .■ 1 14 

Phosphotungstic. _ . __ 1 03 ! 

| 1.19 

1 1.32 

.87 

1.35 
L 23 
.95 

Total basic N. . 1 24.71 

24.04 

24.37 

Arginine...... 15 50 1 

Cystine. .93 1 

Histidine.. . . _ _ _ 3.24 

Lysine..... 5 04 

15. 47 
1.28 ! 

3 21 

4 08 

15.48 
1 10 
3.23 
4.56 

Total filtrate N.. .' 58.89 ! 

60 99 

59.94 

Amino........ 56 Go 58 79 j 57,72 

Nonammo. ...! 2 24 j 2.20 j 2.22 

Total... 99.18, 100 23 ! 99.71 

1 ; 


ZEANIN FROM MAIZE 

Three kgm. of crude zeanin, residue from the extraction of zein 
from com gluten was extracted seven successive times with 0.2 per 
cent NaOH solution. Collected precipitates were redissolved in 0.2 
per cent NaOH, supercentrifuged, and washed with alcohol and ether 
in the usual manner. An analysis of this product, which was a light 
cream in color, gave the following results: 

“ Per cent 


Moisture_ 1. 53 

Ash_ 4. 70 

Nitrogen_ 13. 58 

Nitrogen corrected for ash and moisture_14. 49 


Table 8 gives the nitrogen distribution of zeanin. These results 
represent two separate analyses. B and C were run concurrently. 

Table 8, —The nitrogen distribution of zeanin as determined by the Van Slyke 
method, expressed as percentages of total nitrogen 


Nitrogen ' 

. ... .... . j 

A 

B ! 

C 

Mean 

Ammonia N..-. 

11.66 

11.07 j 

11.24 

11.32 

Total humin N.....! 

2.76 1 

, 2.45 ; 

2.54 

i 2.58 

Acid insoluble... . .. 

1.18 

1 02 , 

1 06 

1.09 

Acid soluble. 1 

.80 

.71 - 

.87 

.79 

Phosphotungstic.j 

.78 

.72 ! 

.61 

70 

Total basic N. 

19.66 | 

18.31 i 

18 57 

18.84 

Arginine. 

9.40 

9.66 

1 9.29 

i 9.45 

Cystine.— 

.74 

.99 

1.27 

1.00 

Histidine.-. 

4.26 

3.27 

4,18 

i 3.90 

Lysine. -.- 

5.26 

4.39 

3 83 

, 4.49 

Total filtrate N. 

66.36 ' 

67.54 

67.35 

! 67.08 

Amino...j 

60.93 

61.67 

61.85 

! 61,48 

Nonamino.-... 

5.43 

5.87 

5.50 

! 5.60 

Total. 

100.44 

99.37 

99.70 

| 99,82 
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TEOZEANIN FROM TEOSINTE (ANNUAL OR FLORIDA) 


Thirty k gm . of teosinte from which the teozein had been removed 
was extracted in batches of about 2 kgm. each with 0.2 per cent NaOH 
solution. Four successive extractions of 24 hours duration each 
were made on each batch. The initial solutions were not centri¬ 
fuged. The collected precipitates were redissolved in 0.2 per cent 
NaOH solution and put through the supercentrifuge twice. Con¬ 
siderable amounts of starch were removed, and the resultant solu¬ 
tions were quite clear and very deeply colored. The clear solution 
was diluted with an equal volume of distilled water and the protein 
reprecipitated by the addition of 0.2 per cent HC1. It was then dried 
by treatment with 95 per cent alcohol and ether. Seventy-eight 
grams of an almost black powder was obtained, which upon analysis 
gave the following results: 

® ° Per cent 


Moisture_ 

Ash___ 

Nitrogen____- 

Nitrogen corrected for ash and moisture, 


1. 60 
2. 39 

10. 54 

11. 02 


Table 9 gives the nitrogen distribution of teozeanin. 

Table 9. —The nitrogen distribution of teozeanin as determined by the Van Slyke 
method , expressed as percentages of total nitrogen 


Nitrogen 

A 

B 

Mean 

Ammonia N....... 

10.32 

9.99 

10.16 

Total humin N. 

1 8.31 

8.23 

8.27 

Add insoluble...j 

5.68 

5.66 

5.67 

Acid soluble....... 

1.61 

1.50 

1.55 

Phosphotungstie.... 

1.02 

1.07 

1.05 

Total basic X...! 

| 26.63 

27.07 

26.85 

Arginine........ 

i 14.17 

14.14 

14.15 

Cystine..... 

! 1.21 

1.16 

1.18 

Histidine..... 

7.89 

8.07 

7.98 

Lysine. 

3.36 

3.70 

3.53 

Total filtrate N....... 

55.22 

1 54.73 

54.97 

Amino. 

49.69 

49. 62 

49. 65 

Xcmaznmn.... 

5.53 

5.11 

5.32 

Total..... 

100.48 

100.02 

100. 25 



HORDENIN FROM BARLEY 

In the first attempt to extract the glutelin from barley meal, 2 kgm. 
of the Hoffman residue was treated for 24 hours with 20 liters of 
0.2 per cent NaOH solution. After settling, 12 liters of the super¬ 
natant liquid was siphoned off and 0.2 per cent HC1 solution was 
added. It was observed that the solution turned milky after the 
NaOH had been neutralized, but no precipitate settled out, and no 
amount of adjusting of the acidity of the solution met with any suc¬ 
cess. It looked as if protein were present, but could not be floccu¬ 
lated, and the attempt at this time wasjtbandoned. 

After the other proteins heretofore described had been prepared, 
another attempt was made to isolate the glutelin from barley. About 
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2 kgm. of Hoffman’s residue was stirred up with 16 liters of 0.2 per 
cent NaOH solution. Vigorous stirring at frequent intervals was 
continued for about five hours. After this time, the residue had 
become extremely viscous. Since the centrifuge was not working, 
it looked as if it would be impossible to remove the substance which 
was responsible for the high viscosity of the mixture. In the hope 
of bringing the liquid into condition to be filtered through paper 
pulp, a portion was withdrawn and an equal volume of 95 per cent 
alcohol added to it. A white, fibrous coagulum resulted from the 
mixing with the alcohol. In the course of an hour this settled, and 
the clear, slightly colored, supernatant liquid was decanted off and 
filtered through a heavy layer of filter paper pulp, using very slight 
suction. A perfectly clear, golden brown solution was obtained. 
This, upon treatment with dilute acetic acid, yielded a flocculent, 
light gray precipitate. About 12 liters of the original extract was 
treated in this manner, the time required being five days. Collected 
precipitates of the various small batches of filtrate were redissolved, 
filtered, and reprecipitated. This second filtration gave no clearer 
solution than the first, and it is doubtful whether any great degree of 
purification was effected by this operation. The protein was treated 
in the manner described for monococco-glutenin. Thirteen grams 
of an almost white powder was obtained. This upon analysis gave 
the following values: 

Per cent 


Moisture_ 1. 34 

Ash_______ .69 

Nitrogen._ 15. 30 

Nitrogen corrected for ash and moisture_15. 62 


The white material which was precipitated by the addition of 
alcohol to the original extract appeared to be of a gummy nature. It 
was slightly soluble in cold water, but was readily dispersed in hot 
water, giving an opalescent suspension which resembled a suspension 
of soluble starch. This suspension gave a marked starch reaction 
with iodine, but this was due to traces of starch which must have been 
very small, since the addition of a very little ptyalin in the form of 
saliva caused the disappearance of the starch reaction. 

Table 10 gives the nitrogen distribution of hordenin. 


Table 10. —The nitrogen distribution of hordenin as determined by the Van Slyke 
methodj expressed as percentages of total nitrogen 


Nitrogen 

! A 

B 

! Mean 

i 

Ammonia N. 

! 11.48 

i .. . 

11.28 

11.38 

Total humin N. 

j 3.51 

3.02 

3.26 

Acid insoluble_-_„____ 

1.42 

1.39 

1.40 

Acid soluble_____-__ 

1.39 

1.05 

1.22 

Phosphotungstic.—. 

.70 

.58 

.64 


20.22 i 

20.28 

20 25 

Arginine_ _____ 

10 . SS 

13*27 

11.08 

Cystine . _ _ ______ 

1.88 

1.70 

1.79 

Histidine.______________„___ 

2.40 

1.70 

2.05 

Lysine.—. 

5.06 

5.61 

5.33 

Total filtrate N __ _ __ _ _ _ _ _ ____ 

64.50 

64.52 

64.51 

Am inn _ _ _ _______ 

57.69 

57.65 

57.67 

Nonamino.-.-. 

6.81 

6.87 

6.84 

Total. 

99.71 

99.10 

99.40 
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ORYZENIN FROM RICE 

Two 1,000- gm . batches of polished rice meal which had been ex- 
tractedlwith alcohol were treated with 18-liter portions of 0.2 per 
cent XaOH solution. After 24 hours, 12 liters of the clear supernatant 
liquid was siphoned off and the protein precipitated by the addition 
of dilute acetic acid. Three successive extractions of each batch 
were thus made. The amounts of precipitate obtained were small. 
The collected precipitates were redissolved and an equal volume of 
95 per cent alcohol added. The solution was filtered twice through 
a mat of filter paper pulp, using slight suction. This gave a per¬ 
fectly clear, light yellow solution, which. upon addition .of dilute 
acetic acid yielded a" white flocculent precipitate of the protein. This 
was dried bv means of absolute alcohol and ether. The resultant 
material required no grinding, but disintegrated to a white fluffy 
powder. Thirteen grams was obtained. This gave, upon analysis, 
the following values: 


Moisture.... 9/ 

Ash_ • 97 

Nitrogen_ 15. 93 

Nitrogen corrected for ash and moisture- 16. 41 


Table 11 gives the nitrogen distribution of oryzenin. 

Table 11 , —The nitrogen distribution of oryzenin as deter?nined by the Van Slyke 
method , expressed as percentages of total nitrogen 


Nitrogen 

A 

i 

B 

j Mean 

Ammonia N. 

7. 92 

8.22 

1 

i 8.07 

Total bumrn X... 

! 1 89 i 

2.02 

1.95 

Acid insoluble.. -.-. 

! .53 

.59 

.56 

Acid soluble.._._. 

| .47 

.69 

.58 

Pfaospbotimgstic. 

; .89 

.74 

.81 

Total basic X......i 

i 27.30 

27.89 

27,59 

Arginine.._.- . 

! 17.45 

- 1 

18.46 

17.95 

Cvstine....... 

.70 

.53 

.61 

Histidine......... 

4.84 

! 4.35 

4.60 

Lysine.........j 

4.31 

4.55 

4.43 

Total filtrate X. 

63.00 

62.05 

62.52 

Amino....... 

55.94 

55.99 1 

i 

55 .96 

Xonammo..... 

7.06 

6.06 

6.56 

Total... 

100.11 

100.18 

100.13 




DISCUSSION 

Before discussing the results obtained, it might be advantageous 
to consider the value of the analytical method employed. 

The experience gained in the work here recorded has led the writer 
to believe that the errors most likely to occur in analyses by the Van 
Slyke method are concerned chiefly with the amino nitrogen deter¬ 
mination. Here, very slight errors profoundly affect the values ob¬ 
tained for histidine, lysine, and for the nonamino nitrogen of the fil¬ 
trate from the bases. The values upon which the highest reliance, 
in the analytical sense, is placed, are the ammonia nitrogen, humid 
nitrogen, arginine nitrogen, total basic nitrogen, and total nitrogen 
























Dee. 15,1927 


Comparative Study of Gluielins of Cereal Grains 


1111 


in the filtrate from the bases; in other words, essentially the Hausmann 
numbers and the arginine value. This does not mean that these are 
necessarily the true values for the pure protein, but that for the 
material in hand they can be determined with a high degree of 
accuracy. 

Since the conclusions to be drawn from the analytical data involve 
certain assumptions regarding the various nitrogen fractions deter¬ 
mined, it is necessary here to scrutinize rather carefully the methods 
used in making these analyses, giving particular attention to what is 
known regarding the effect of impurities upon the distribution of 
nitrogen in the various fractions. The humin fraction will be dis¬ 
cussed first, because it is the one most profoundly affected by 
impurities. 

Gortner and Holm (16), after a long series of experiments (12-17) 
upon humin, concluded that the acid-insoluble humin occurs as a 
result of interaction of tryptophane and some unknown substance 
of an aldehydic nature; the acid-soluble humin is due to interaction 
of tyrosine and the aldehyde, while the phosphotungstic acid humin 
is probably due to adsorption of monoamino acids on the barium 
phosphotungstate. Starch and other carbohydrates also affect the 
humin fraction. This may be accounted for as due partly to the 
formation of furfural, which acts through its aldehyde group, and 
partly to the formation of the large amount of “ humuslike ” material 
which acts as a nonspecific adsorbent. If this were the complete 
explanation for the formation of humin neither the ammonia nor 
the basic nitrogen fractions should be very greatly affected by the 
presence of impurities, which would increase the humin fraction. The 
net result of an increase of humin nitrogen would be a corresponding 
decrease of the amino nitrogen of the filtrate from the bases. But 
experiment does not bear out these conclusions. 
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In Table 12 are given the results of experiments by Osborne et al. 
(36), Gortner (12), and Hart and Sure (20), showing the effects of - 
added carbohydrates upon the nitrogen distribution of some proteins. 
An examination of these data shows that in all cases the presence of 
carbohydrate materially increases the humin nitrogen. The am¬ 
monia is signific an tly affected, however, only when sucrose and starch 
are added. The presence of the pentosan, xylan, while increasing 
the humin nitrogen by 700 per cent, has no effect upon the ammonia 
fraction. This would indicate that the lowering of the ammonia, 
where it does occur, is not attributable to adsorption on the humin. 
In order to verify this conclusion, the following experiment was 
performed: 

Two o-gm. samples of wheat glutenin (the same preparation as 
analvzed for nitrogen distribution) were weighed out. To one, 2 gm. 
of cornstarch was added. To the other 1 c. c. of redistilled furfural 
was added. Each was hydrolyzed for 21 hours with 20 per cent 
HC1. The acid-insoluble humin was filtered off and washed until 
free of chlorine ion. The humin precipitates were then treated in 
the same manner as for the determination of ammonia nitrogen; 
that is, 150 c. c. water, 100 c. c. 95 per cent alcohol, and an excess of 
Ca(OH) 2 suspension were added to the precipitate in a Claisen flask. 
This was then distilled at low temperature under suction for 30 
minutes. Not a trace of ammonia was obtained by this procedure. 
The acid-insoluble humin nitrogen increased from 0.52 per cent of 
the total nitrogen to 1.85 per cent where the starch was added, and 
to 2.05 per cent where the furfural was added. Evidently, then, the 
lower ammonia nitrogen observed when carbohydrates are present 
can not be accounted for by adsorption on the humin. There seems 
to be only one conclusion possible, namely, that the amide groups 
are simply not split off. But from a purely chemical viewpoint it 
seems unreasonable to believe that the presence of substances such 
as hexoses and pentoses would protect an acid-amide linkage against 
hydrolysis by 20 per cent HC1. From these facts it might be assumed 
that the amides are not the only source of ammonia during hydrolysis, 
but that some amino acids undergo partial deamination. That this 
actually occurs has been demonstrated by Gortner and Holm (15, 
16), Accordingly, it is conceivable that the presence of a large 
amount of aldehyde, derived from the sugars, might affect the rate of 
deamination, or the aldehydes, acting as oxidizing agents, might 
remove one or both hydrogen atoms from these amino groups, with 
the result that cyclic derivations of the pyrole and pyridine type 
would result. 

Gortner and Holm (16) have shown that deamination occurs when 
pure amino acids are boiled with 20 per cent hydrochloric acid, but 
that when tryptophane and aldehyde are present there is an increase 
in the humin^ nitrogen and a decrease in the ammonia nitrogen. 
Tiyptophane is relatively easily deaminized by boiling hydrochloric 
acid in the absence of aldehydes, but the humin resulting from inter¬ 
action of tryptophane and aldehyde is very resistant to acid boiling 
(1 4)* Gortner (12) has also shown that when formaldehyde is present 
in a fibrin hydrolysis a the ammonia nitrogen falls significantly when 
quantities of formaldehyde are added, but rises very rapidly wnen 
larger quantities are present.” 
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Roxas (40) suggests the formation of cyclic nitrogen compounds as 
contributing to the humin nitrogen values. While undoubtedly the 
true humin nitrogen is largefy or wholly derived from tryptophane, 
such compounds as were postulated by Roxas may be responsible for 
the formation of a part of the humin formed by hydrolysis in the 
presence of carbohydrates and may affect the ammonia fraction. 
However this may be, the liberation of ammonia nitrogen in a protein 
hydrolysate involves more reactions than simply the hydrolysis of 
amide linkages, and is one of the many things demanding further 
investigation. In view of the foregoing considerations, one would not 
be justified'in attaching very great value to the ammonia fraction in 
comparing proteins which contain any great amount of impurity, 
unless the nature of the impurities was specifically known. 

Turning next to the basic fractions, it is seen that the effect of the 
presence of carbohydrates is in most instances relatively slight. 
The results for arginine are somewhat anomalous. Hart and Sure 
obtained a slight decrease with glucose, while Osborne reports a slight 
increase. This probabty indicates that there is little significant effect. 
In all of the other cases, however, there is a decrease of arginine 
nitrogen which can not be ignored. Moreover, the total basic frac¬ 
tion shows a decrease. This can scarcely be explained as due to the 
decomposition of some of the basic amino acids during hydrolysis, 
since in that case one would expect an increase of the ammonia frac¬ 
tion. This is not the case. Moreover, Qortner and Holm (15) have 
shown that arginine, histidine, and lysine are very stable to the action 
of boiling hydrochloric acid and undergo no appreciable deamination 
even when boiled with hydrochloric acid for six weeks. Neither do 
the data of Table 12 justify the assumption that the bases are ad¬ 
sorbed on the humin. There is practically equal lowering of total 
basic nitrogen in the case of starch and of xylan, but the difference 
in the humin, judged from the values for humin nitrogen, is very 
great. One other explanation is possible. The phosphotungstates 
of the bases have a tendency to exist in the colloidal state as a gel. 
Carbohydrates present might act in the role of protectors, preventing 
the crystallization of the phosphotungstates. If this were the case, 
it could be predicted that great irregularity w T ould result in the precip¬ 
itation, under these conditions, of a mixture of amino acid phospho¬ 
tungstates, since these would all be affected differently by different 
carbohydrates. An experiment to test this assumption could be 
carried out readily by treating various aliquots of a known hydrolysate 
from which humin and ammonia had been removed in the usual 
manner, with varying quantities of different carbohydrates and then 
precipitating the bases with phosphotungstic acid. Or it would be 
better still to start with a known solution of arginine, histidine, and 
lysine salts. 

Effects upon the ammonia, humin, and basic fractions are reflected 
in the filtrate fraction. Failure of arginine, histidine, and lysine to 
precipitate will result in an increase of the nonamino nitrogen of the 
filtrate. This, in general, is what happens, but the increase of the 
nonamino nitrogen fraction is by far too great to be accounted for 
in this way. There seems to be no explanation for these data, 
especially in view of the anomalies presented in the case where xylan 
is present. There the nonamino filtrate nitrogen drops to less than 
one-half the normal figure. Does this mean that the prolines were 
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adsorbed on the humin? How is this to be reconciled with the 
preceding data? Assuming that these analyses are correct, it appears 
to be utterly impossible to adduce any explanation which would fit 
all the facts, but from all the data presented in Table 12, there may 
be drawn the general conclusion that the ammonia, and the various 
basic fractions are least affected by the presence of carbohydrate im¬ 
purities, while the humin and mono amino fractions may be profoundly 
changed. 

The data just discussed, \yith the exception of the lactalb umin , 
have all been drawn from mixtures in which the carbohydrate has 
been very high, two to five times greater than the amount of protein 
present. It seems not unreasonable to assume that with very much 
smaller amounts of carbohydrate present, the variations from the 
true values would be smaller. This would be true especially with 
regard to the basic fractions. 

The foregoing considerations have led to the conclusion that in 
comparing proteins of doubtful purity, the humin and the filtrate 
fractions are of least value. It is believed, however, that considerable 
reliance may be placed on the basic fractions. The ammonia nitro¬ 
gen, while not without value, should not be relied upon as having 
great accuracy since it may or may not be affected, according to 
the sort of impurity present. 

Before proceeding further it is desired again to call attention to 
the analyses of the three preparations from rye. The data shown in 
Table 6 confirm, to some extent, the foregoing conclusions regarding 
the effect of impurities. ' ° 

The three preparations were analyzed to determine whether or 
not the proteins in each were identical. If this proved to be the 
case, the analyses would serve as an excellent means of judging the 
relative effect of the impurities present, since the preparations varied 
m nitrogen content from 13.67 to 15.61 per cent. 

Examining the data, it is seen that there is wide variation in the 
ammonia nitrogen, even in the case of preparations 3 and 5, in 
which the total humin values are identical. 

The arginine values and the total basic nitrogen values are remark- 
ably constant. The cystine values are of the same order, and the 
variation is no greater than the experimental error involved in deai- 
mg with such minute quantities of material by gravimetric methods. 

, e histidine values for preparations 2 and 3 agree well, but the 
. or P 3 '®P ara t' lon 5 very much lower. This is considered not 
significant because of the high probability of error in the amin o 
nitrogen determination The same thing may be said of the non- 
ammo nitrogen of the filtrate. It should not be inferred that the 
possibility of absolute accuracy with the Van Slyke apparatus is 
cafied mto question It is simply admitted that the teehtoc used is 
hffinoif® r - a u accurate control as would justify the use of these data 
in finally judging a protem. In the writer’s opinion, however there 

the S f U S C1 ?? t evidence ¥ re t0 warrant the conclusion that 

ttn P fhS f f the three P, re P aratl ? ns are identical. On this assump- 
? ay ,? ow b . e . examined to determine what effect the 
vamng amounts of impurities have had upon the analyses. 

h„Shf^ fa 9 ° ¥ 2 811(1 3 sbo Y rather regular differences. The high 
humin of 2 is accompanied by a corresponding lowering of the 
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ammonia fraction. Curiously, the sum of the amide nitrogen and 
the total huxnin nitrogen for both 2 and 3 is practically the same, 
being 15.07 and 15.10 per cent, respectively. Preparation 5, how¬ 
ever, is irregular in comparison with the other two. The humin 
nitrogen is of the same value as that of 3, whereas the amide nitrogen 
is much lower, being in fact the lowest value for ammonia observed 
in the whole series of analyses. Since the basic fraction seems to 
have been, on the whole, relatively unaffected, wide differences neces¬ 
sarily show in the filtrate fraction. These anomalous results may 
be due to the extraordinarily high ash content, 19.16 per cent, of 
this preparation. The writer is utterly at a loss to account for this 
high ash content. 

The consideration of these data, together with those of Table 12, 
seems to justify the conclusion that the arginine and the total basic 
nitrogen fractions may be used with safety in comparing proteins of 
doubtful purity. Standards for purity of protein after all are vague 
and for the most part very empirical. 

Table 13. —Xitrogen distribution of some of the cereal glutelins } determined by the 

Van Slyke method 


; i 

Nitrogen in) 

Xitrogen of bases ■ filtrate i 
! from bases 


Source ; Analysis by 

i 

l 


T. v ulgare (patent).I Blish (4). 

T. vulgare (biscuit)_l.do... 

T. vulgare (Idaho).j Cross and Swain (8). 

T. vulgare (patent)..do. 

T. vulgare (club)__do... 

T. vulgare (forty-fold).-!.do. 

T. vulgare (patent)_ t Hofiman and Gort- 

! ner (22). 


no--i 

T. durum ..j 

.Larmour. 

_do_ 

T. spelta .! 

_do. 

T. dicoccum^ 

_do.. 

T. monocaccum . 

_.do. 

Arena sativa .. 

_do_„.___ 

Do.. 

Luers and Siegert 

T m. 

Larmour. 

Zea mays _j 

Euchlaena mexicana 1 

_do_ 

(teosinte). 

Secale cereale (2) _j 

.do. 

Secale cereale (3) . -_ ' 

__do_ 

Secale cereale (5) . ; 

Hordeum vulgare . 


Oryza sativa .. 

Do. 

Do. 

! Kondo"(25).. 

Osborne, Van Slyke, 

1 Leavenworth, and 
Vmograd (Sff). 
Larmour.. 


1 1 


I 5 I S i I 


P.ct.\P.ct. 
53.59, 9.52 
53.38! 9.35 
54.021 3.66 
54.571 3.81 
56.55 2.64 
55.62i 3.98 
53.47j 7.50 

58.15 5.39 
54.47! 9.01 
56.35, 5 721 
54.41; 4 
56.66 6.60 
57.72 2.22 
52.35 408 


| P. ct.P.ct.] 


16.50! 
16. i: 
15.62i 
15 9S| 
14 17 
13.11 
13.56 

14 78 
13.25 
8.06 
11.06 
10.78 
11.87 
12.19 

11.32; 
10.16j 

9.78| 

10 . so! 

7.141 
11.38! 
12,36! 
U.33| 


1.84 
1.66 
1.95 
1.80| 
2.77 
2.60 
1.44 

1.70 
2.49 
5.02 
463 
6 04 
3.53 


2.58 
8.27 

5.29 
4 30 
4 30 
3.26 
.66 

1.59 


1 


8.07; 1.95 


P. ct P. 
9. 69' 0 
9. 27 j 
10 . 10 , 

8 17] 
9.23 
12.94 
11.96 


ct. P.ct. Pct\ 
18; 5.47 2.61) 
18 7 59 1.90 
721 7.06 4 74 
711 9.22! 4.93! 
6511.42; 4 72, 


65 


10.90 
11 . 00 ! 
13.43. 
13.03 
11.86 
15.48 
14 43 

9.45 

1415; 

13. 60 ! 
13.86| 
13.80, 

11 . os! 


6.20! 6 42, 
4.72 4 52 

I 

1.67; 5.83! 
5.84 3.48! 


2.80 
75; 4 80 
04! 2 44 
10, 3.23 
52' 7.24 


17.17| 


1.00 
1.18 

.47 

.68 

.60! 

1.79! 

.141 

.46! 


3.90 


r.8t; 
0 . 02 ' 
4 82 
4 56 
4 39 


P ct.' 
17.95 
18.94 
22.62 
23.03 
26.02' 
26.2Si! 
21.87 i 

l&SOi 
21 . 20 | 
24 44; 
24 60; 
20.16* 
2437 
27.58 


P. ct. 
99.40 
99.50 
97.87 
99.19 
102.15 
101.52 
97.84 

98.82 

100.42 

99.59 

99.63 

100.24 

99.71 

99.09 


4.49 18.84 
3.53 26.85 


5.22 6.54' 25.88 
5.25! 5.61' 25.40 
3. 66 1 7.73, 25.79 
2.051 5.33, 20.25 
4551 5.941 25.52! 
4,77 4.82' 27.22! 


61.48' 5.60! 99.82 
49.65 5.32^100.25 

51.94 6.40! 99.29 
52. 59! 6.90 99.99 
58 141 4 36! 99.73 
57.671 6.84, 99.40 


* 58.75 
52.98) 6.0S1 


97.29 

99.20 


17.95 .611 460 4 43 27.59 55.96 6.56100.13 


* Total N in filtrate. 


To facilitate comparison of the experimental data herein recorded 
with similar data of other investigators, all available analyses of 
cereal glutelins are shown in Table 13. No Van Slyke analysis of 
the glutelm of corn has been discovered. The analyses of glutenin 
by Cross and Swain have been included despite the fact that they 
are considered by the writer as of doubtful value. 
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Attention should be called to the fact that where the various 
fractions of the humin nitrogen have not been reported, in all prob¬ 
ability the total humin nitrogen represents only the sum of the acid- 
insoluble and acid-soluble humin nitrogen. Therefore the values in 
total humin nitrogen will always be somewhat lower than those in 
which is included the phosphotungstic acid humin nitrogen. 

A comparison of the writer’s results on glutenin with those of Blish, 
shows great variations in the ammonia nitrogen, the histidine, and 
the lysine fractions, and in the two filtrate fractions. There is fairly 
close agreement, however, in the values for arginine, total basic 
nitrogen, and total nitrogen of the filtrate from the bases. This 
indicates that there have been differences in the manipulation of the 
amino nitrogen determination. 

Tur ning next to the analyses of avenin from oats, even greater 
differences are noticed. The ammonia nitrogen in this case checks 
very well, as does also the humin nitrogen, if allowance is made for 
the'phosphotungstic acid humin fraction. The arginine nitrogen is 
higher than that, of Luers and Siegert, while the total basic nitrogen 
is lower. This, of course, throws the histidine values out of agree¬ 
ment. It is a surprising fact that the lysine values agree. It must 
be admitted that, on the whole, there is not very good agreement 
between these two determinations. There might be offered in 
explanation the fact that the source of the two preparations varied 
widely, since one was grown in Germany and the other in America. 
Not much value is attached to this explanation, however. 

More satisfactory results were obtained with oryzenin. There is 
very close agreement with the analysis by Osborne, Van Slyke, 
Leavenworth, and Vinograd, except for the ammonia nitrogen and 
the amino nitrogen of the filtrate from the bases. The humin, 
arginine, cystine, histidine, lysine, and nonamino nitrogen of the 
filtrate fractions all agree as closely as could be expected for different 
preparations of the same protein by different workers. The ammonia 
nitrogen of the writer’s analysis is unaccountably low and there is 
a corresponding increase in the amino nitrogen of the filtrate from 
the bases. The agreement with Kondo’s data is not as good. 

These comparisons furnish further evidence for the conclusion 
previously expressed that the basic fractions should be considered 
the most reproducible and reliable values in the whole analysis. 

In making a comparison of the analyses of all the proteins it would 
be well to bear in mind the fact that up to the present glutenin, 
oryzenin, and corn glutelin have been considered the only well- 
defined representatives of the glutelin class. These then should be 
useful in adjudging the relationship of the others. 

On examining these data one must be led to conclude that there 
is a very wide range in the degree of purity. The humin fraction 
varies from 1.70 per cent for glutenin to 8.27 per cent for the glutelin 
from teosinte. Correspondingly, the nitrogen content of the prepa¬ 
rations varies from 16.64 per cent for glutenin to 11.02 per cent for 
teosinte. The same treatment that was necessary to produce a 
preparation of wheat glutenin and of oryzenin comparable in purity 
with those obtained by other workers, failed to give more than a 
very impure product in the case of most of the other cereal glutelins. 
This is due doubtless to the presence of gums. Methods more 
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refined than those In use at present will have to be devised before 
glutelin preparations of a high degree of purity can be obtained. 

# The evident impurity of many of the preparations makes it impos¬ 
sible to draw comparisons between the humin values. The same 
objection applies to the total nitrogen of the filtrate from the bases. 
The ammonia values may have some significance, but for reasons 
previously given little reliance can be placed on them. Since the 
nature of the impurity present in the protein is unknown, one is un¬ 
able to say what effect it might have had on this fraction. However, 
the ammonia nitrogen values for all the new proteins fall within the 
range of values for glutenin and oryzenin as shown by the rearrange¬ 
ment in Table 14. 


Table 14 .—Values of ammonia nitrogen of the various glutelins 3 arranged in order 

of magnitude 


1 

Glutelin ! 

i 

Ammonia 

N 

Glutelin 

‘Ammonia 

1 » 

I. 

Glutenin... 

Per cent 
f «16.50 

Dieocco-glutenin.. 

Monococeo-glutenm_ 

Teozeanin. ___ _ 

; Per cent 
.! 

_ 10.78 

.! 10.16 

i 

Duro-glutenin.... .. 

l 14.78 : 
13. 25 
11 . S7 , 

Avemn.... 

Secalenin (average)_ 

.i 9.24 

Hordenin..__. 

t 11.38 ; 

11.32 

Orvzenin 

.1 S. 07 

Zeanm.... „ . 

Spelta-glutfitun 

_i 8.06 





• Blisb, U). 


Table 15 .—Values of arginine nitrogen of the various glutelins arranged in order 
of magnitude , with corresponding values of total basic nitrogen 


Glutelin ' Ar ^? me 

i., 

taste Glutelin Ar8 jf I,e 

i 

I Total 
basic 

N 

Percent 

Glutenin (Blish (4)). ... 9.27 

Zeanin__| 9.45 1 

Per cent j 
18.94 
18.84 1 
18.80 1 
21.20 , 

. 20.25 

20 16 

f 

Dicoeco-glutenin. .. 

Spelta-glutenin..-. 

Per cent 
13.03 
33.43 
13. 77 
14.15 
15.48 
17.95 

Per cent 
24.60 
24.44 
25.69 
26.84 
24.37 
27.59 

Glutenin (Larmour)__ >. 10.90 

Duro-glutenin.. 11.00 1 

Hordenin... 1 11. OS 

Secalenm (average). 

Teozeanin...... 

Avenin_ 

Monococco-glutenm.■ 11. S6 

I 

Oryzenin.... 

i 


The same thing holds true for the arginine and total basic nitrogen 
values, although the order is somewhat different from that shown 
above. Table 15 gives the arginine nitrogen values arranged in order 
of magnitude and the corresponding values for total basic nitrogen. 
The latter values, it is seen, fall in the order of the arginine except for 
monococco-glutenin, the difference between it and hordenin being 
negligibly small, and avenin, which is three places out. 

Summarizing the data, it is seen that glutenin and oryzenin, the 
best known glutelins, appear to occupy practically the extreme oppo¬ 
site limits of the class in respect to ammonia nitrogen, arginine 
nitrogen, and total basic nitrogen. Corresponding values for all the 
other cereal glutelins fall between these limits in all cases. Conse¬ 
quently, if the assumption regarding the reliability of the arginine 
and total basic values is correct, it must be concluded that all these 
proteins under discussion possess enough common chemical charac¬ 
teristics to warrant their inclusion in the class with glutenin and 
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oryzenin. Therefore the writer feeis justified in stating that the 
class of proteins known as glutelins is definite in character, and that 
proteins of this type exist in all of the cereal grains thus far 
investigated. 

SUMMARY 

Alkali-soluble proteins have been prepared from the cereal grains, 
Triticum vulgare , T. durum , T. spelta, T. dicoccum , T. monococcum , 
Arena saliva, Hordeum vulgare , Secale cereale , mays, Euchlaena 
mezicana (teosinte), and Oryza sativa. 

Analyses for nitrogen distribution by the Van Slyke method 
revealed a well-marked relationship ^ between the various prepara¬ 
tions, especially in respect to the basic nitrogen fraction. 

Glutenin of wheat, Triticum vulgare , and oryzenin of rice, Oryza 
saliva , both well-defined glutelins, occupy positions at the extreme 
opposite limits of the class in respect to ammonia nitrogen (prac¬ 
tically^ and total basic nitrogen, and the corresponding values for 
the other proteins described fall within these limits. This is sub¬ 
mitted as evidence that the preparations obtained belong to a definite 
class of proteins, the glutelins, which is represented in all the cereal 
grains thus far studied. 
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VANILLA ROOT ROT 1 


By C. M. Tucker 

Plant Pathologist , Porto Rico Agricultural Experiment Station 
THE HOST 

The vanilla of commerce (Vanilla vanilla (L.) Bi\, V. plantfolia 
Andr.) is cultivated principally in Mexico, Guadeloupe, Venezuela, 
Tahiti, and Moorea in the Western Hemisphere, and in Madagascar 
and its dependencies, Ceylon, Mauritius, Reunion, and Seychelles 
Islands, and Java, in the Eastern Hemisphere, The plant is native 
to Central America. The cultivation or vanilla on a commercial 
scale in Porto Rico was begun in 1909 by McClelland (7), 2 who dem¬ 
onstrated the possibility of profitable production in that island. 

The vanilla climbs fy means of 44 holdfasts, 55 that is, short, slen¬ 
der, rootlike organs arising from the nodes. The holdfasts flatten 
on the side which comes in contact with a supporting surface and 
attach themselves to it by means of numerous minute haustoria- 
like projections. The projections do not behave as haustoria and 
absorb nutrients from the supporting plant, for they do not pene¬ 
trate the bark to the cambial tissue. Probably the only function of 
the holdfasts is that of attachment and support. Plants growing 
upon dead wood or upon inorganic supports thrive equally with 
those growing upon living trees. In neither case, however, does the 
plant grow if its connection with the soil is severed. These con¬ 
ditions are, therefore, seen to be at variance with the statement of 
Cook and Collins (4) that “ vanilla is in reality merely an epiphyte 
or air-plant able to elaborate its food directly from the atmosphere, 55 
and also of Newport (12) that 44 the greater part of its nutriment 
is obtained from the atmosphere by means of its thick, fleshy leaves 
and tendrils or aerial roots. 55 

The roots arise from the nodes. When a cutting is planted with 
some of the nodes covered with earth or organic matter, the first 
roots appear at the covered nodes and the later roots at the exposed 
nodes. The young roots are very succulent and easily broken. They 
attach themselves to any available body, elongate rapidly, and exhibit 
positive geotropism, the tip continuing its downward growth. The 
holdfasts may be a modified form of root, since they are similar to 
the roots in habit of attachment and occasionally are transformed into 
them upon coming in contact with moist, decaying organic matter. A 
young root which fails to become attached to some surface remains an 
aerial organ until it reaches the ground and enters the soil. Root 
hairs, giving the root a white distinctly hairy appearance, grow in 
abundance where the root is in contact with the soil. The roots 
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branch profusely, and the branches are succulent. The roots do 
not penetrate the soil deeply, and may not enter a heavy clay soil 
having a moisture-retaining mulch of decaying organic matter. 
The number of roots produced by a single plant vanes greatly 
with different conditions. One or two roots may arise from a node, 
and the number of nodes producing roots depends upon the age 
of the plant and the availability of plant nutrients. Few roots are 
necessary to supply the needs of a plant grown in a moist, porous 
soil which is free" from disease and well mulched with decaying 
organic matter. Roots are borne in profusion, however, when the 
plant is grown under adverse conditions, including lack of moisture, 
scarcity of organic matter, and a compact, inhospitable soil, or when 
the established roots have been destroyed. 

Like most orchids, vanilla is a shade-tolerant plant and grows in 
the shade of other plants, which serve the double purpose of screening 
it from the rays of the sun and supporting the vines. In Porto Rico 
the dwarf bucare (Erythnna berteroana) has been found practicable 
for carrying vanilla. The blossoms must be hand-pollinated, and the 
first crop may be obtained in three or four years after planting. 

THE DISEASE 
HISTORY 

A root disease of vanilla was first noticed in Porto Rico in 1918 in 
the vanillery at the station in Mayaguez. In a short time the plant¬ 
ing became so severely infected that it failed to produce a crop, and 
eventually the plants died. The earliest reference to the disease is 
that of Thomas (17), who isolated a species of Fusarium from dis¬ 
eased roots. What is most likely the same fungus is listed by Steven¬ 
son (16) as F.solard (Mort.) Sacc. McClelland (8) in 1922 recorded 
considerable damage to vanilla by “ a root disease, presumably Fusa - 
rium sp/ 5 In the same year Bregger ( 3) noted the occurrence of a 
root disease which did considerable damage to F. planifolia . McClel¬ 
land (9) in 1923 reported that experimental work under way with 
vanilla had to be abandoned due to a root disease, presumably Fusa¬ 
rium sp.” Progress reports on the work herein described were pub¬ 
lished by the writer (18,19) in 1924 and 1926. McClelland (10) in 
1924 stated that growers of vanilla “must consider it a temporary 
crop because of this root disease.” 

In the Seychelles Islands, where vanilla was formerly an important 
crop, the same or a very similar root disease is present, according to 
a report made in 1921 by Dupont (J). In describing the disease 
he says: 

It seems to me that the roots are first affected. As soon as they reach the 
ground their tips die off and this die-back eventually kills the whole root system. 
Aerial roots are next formed in succession to replace the dead roots and it seems 
on theoretical grounds that the whole energy of the plant is exhausted in pro¬ 
ducing these organs. As many as three aerial roots have been found to be 
produced in succession from the same node. 

The disease as described above coincides quite closely with that 
occurring in Porto Rico. 

In 1925 ^ an Hall (6) mentioned the occurrence in Java of a root 
fungus which caused the death of cuttings. 
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The references cited unquestionably indicate the severity of the 
disease, and the need for safeguarding the vanilla industry in Porto 
Rico. 

SYMPTOMS 

The earliest visible symptom of the disease is the browning and 
death of the roots. Since many of the roots are in part aerial, their 
death is rather conspicuous. The underground portion of an infected 
root dies first. It turns dark brown and decays, and the rot is either 
soft and watery or somewhat dry. depending upon existing moisture 
conditions. The progress of the rot is checked at the surface of the 
soil, and often roots which are apparently healthy will be found to 
have rotted beneath the surface. The aerial portion of the root 
slowly shrivels and dies, but it may retain its normal green color for 
several months after the death of the lower portion. Dying back as 
the direct result of fungus invasion does not occur, and branches 
sometimes arise from the aerial portion above an infected region. 
The branches descend into infected soil and quickly become diseased. 
Branches springing from infected roots when placed in uninfected 
soil by the writer made normal growth and were free from disease, 
indicating that the disease does not always become systemic in the 
root tissues. Frequently, where soil infection is established, the 
aerial roots descending from supporting trees are killed before reach¬ 
ing the ground. 

With the destruction of the roots the plant ceases growth and 
devotes its energy to proliferating roots in an attempt to reestablish 
connections w T ith its food siipply. The tender growing tip dies and 
falls away, the stems and the leaves become a sickly yellow, and the 
stems shrivel as their reserves of nutrients are removed. The efforts 
to reestablish roots may continue for a year or longer until the plant 
exhausts itself and dies. Some diseased plants are enabled to live 
several years due to their descending roots, which enter the soil and 
live for a short time before they become infected. Roots 15 feet long 
have been seen descending the trunks of supporting trees. The older 
portion of the vine usually dies as it exhausts its capacity for root 
proliferation. In some instances as much as the lower 10 feet of a 
vine may rot away, whereas the upper part is still green and continues 
its precarious existence on the small amount of food obtained through 
the diseased roots. Recovery is unknown and the length of time 
from infection to death is dependent upon the size and vigor of the 
plant and the severity of the infection. 

So far as is known', none of the few plantings in Porto Rico is free 
from the disease. The losses caused by it depend principally upon 
the age at which the plants become infected. Early infection may 
cause the death of the plants prior to bearing. 

THE CAUSAL ORGANISM 

Since beginning the study of the vanilla root disease in 1923 the 
writer has made several hundred isolations from infected roots. In 
about 90 per cent of the isolations a Fusarium has been the only 
organism obtained. The strains taken from, different plantings at 
different seasons of the year were so nearly identical that the same 
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fungus was regarded as the causal organism. This premise, as 
will be shown, has been substantiated by inoculations made under 

controlled conditions. , . .. 

The Fusarium grows well on a large range ot culture media. 
Steamed rice is the"most satisfactory medium for isolating the fungus. 
Sections of diseased roots, including the margin of the rotted area, 
were surface-sterilized in a solution made by dissolving 1 gm. of 
mercury chloride in 500 c. c. of 50 per cent alcohol. They were then 
washed" in sterile water, split open, and placed in tubes of steamed 
rice. A sterile rod was used to push the sections into the rice. After 
three or four days a white growth of mycelium was observed arising 
from the root sections. On rice the initial growth of mycelium is 
white, and the substratum becomes colored as the age of the culture 
advances. In 4-weeks-old cultures the color of the substratum varies 
from white in the most recently invaded sections to light pink and 
Corinthian pink (Eiclgwav s Color Standards) (llj) in the older 
portions. Microspores are" borne very abundantly, but macrospores 
are less in evidence. At four weeks the macroconidia present were 
mostly one-septate, and 9.2 to 17.5 microns long, with an average 
length of 13.5 microns. Two-septate spores were 16.7 to 20 microns 
long, with an average length of 17.8 microns. Three-septate spores 
were 26.7 to 35 microns longs, with an average length of 31.6 microns. 
As the cultures age the rice gradually changes from reddish to deep 
blue. A strongly aromatic odor is present in all rice cultures. 

In order to obtain data on the morphology and physiology of the 
fungus for comparison with other species for purposes of identi¬ 
fication, suggestions of the Wollenweber, Sherbakoff, and their associ¬ 
ates (i?i)were followed and, with the exception of stems of Melilotus, 
Lupinus, and Alnus, which were not available, the media recom¬ 
mended by them were used for the cultivation of the vanilla 
Fusarium. 

On potato tuber cylinders the fungus produced an abundant white, 
cottony growth in three weeks. Bluish sclerotia were sparingly pro¬ 
duced. They were of irregular shape and composed of a compact 
mass of bluish-tinged hyphae and chlamydospores. Microconidia and 
ehlamydospores were borne abundantly, and only few macroconidia 
appeared. The chlamydospores were borne in chains, or singly, inter- 
calarily, or terminally on short branches, and valued in diameter from 
6.4 to 10.4 microns, with an average diameter of about 8.6 microns. 
The microspores were cylindrical, guttulate and hyaline, and varied 
in length from 4.8 to 6.4 microns, and in diameter from 2.4 to 3.2 
microns. The mycelium varied in diameter from 1.6 to 6.4 microns, 
the former young and hyaline, and the latter granular, closely septate, 
and forming chlamydospores. There was no discoloration of the 
substratum. 

On oatmeal agar, made as recommended by Sherbakoff (15 ), sporo- 
dochia were borne in 2-weeks-old cultures. The sporodochia varied in 
color from white to lilac, those of deeper color being produced near 
the bottom of the slope. Macroconidia were abundant, nearly always 
three septate, and varied in length from 28.4 to 42.6 microns. Micro¬ 
conidia also were produced, but chlamydospores were not seen. 

On potato-dextrose agar containing 2 per cent of dextrose 2-weeks- 
old cultures produced numerous white to purple sporodochia. Re- 
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cently isolated strains caused the agar to redden throughout. This 
character does not appear in long (2 years) isolated strains. Three- 
septate macroconidia were abundant." They were densely granular, 
with a tendency toward constriction at the septae, less distinctly 
pedicellate and less curved than the normal, and varied in length 
from 23.4 to 45.9 microns. 

On potato-dextrose agar containing 5 per cent of dextrose, numer¬ 
ous deep reddish-purple sporodochia were present. Recently isolated 
strains cause the medium to turn reddish purple. In long isolated 
strain cultures the discoloration is confined to the sporodochia-bear- 
ing region. Macroconidia were abundant and often many 1 and 
2 septate spores were present. The tendency toward constriction 
of the septae noted in potato-dextrose agar "cultures containing 2 
per cent of dextrose was intensified, and the normal curvature had 
disappeared. The macroconidia were blunt and rounded at the 
ends and certainly abnormal. They varied in length from 15.8 to 
36.7 microns. 

On O rot alarm junceci stems there was abundant white growth in 
two weeks. Xo color was observed. Macroconidia were abundant, 
mostly three septate, and apparently normal in size and shape. They 
varied in length from 21 to 45.1 "microns. Microconidia also were 
abundant. 

Microscopic examination of diseased roots revealed the presence of 
hyphae in the margins of the diseased and decaying portions, and 
spore forms in the older portions. The fluctuation in length and 
septation of macroconidia from inoculated rotting roots from tubes 
was as follows: 1 septate (very few), 13 to 17 microns; 2 septate 
(very few), 22 to 32 microns; 3 septate (very numerous), 23 to 55 
microns; 4 septate (very few), 32 to 58 microns; and 5 septate (one 
seen), 60 microns. The macroconidia were hyaline, curved, pedicel¬ 
late, and somewhat attenuated at the apex, anci not constricted at the 
septae. Dry decaying roots yield chlamydospores occurring singly 
or in chains of two to four. (Fig. 1.) 

Averna-Sacca ( 1 ), in a morphological description of an unnamed 
Fusarium which attacks vanilla in Brazil, described the macrospores 
as— 

fusiformes, com apices arredondados, rectos ou ligeiramente curvaclos, hyalinos, 
(21.6 a 43.2 por 3 a 5,5 microns), primeiro eontinuos, depois 1-3-4-septados. 
Em geral, 3 septados. 

From the description, the fungus resembles quite closely that in 
Porto Rico. Averna-Sacca (i), however, stated that his Fusarium 
attacks the leaves and stems, causing small, light, irregular spots, 
and he did not mention its occurrence on the roots. 

Meinecke (11) observed an undescribed Fusarium attacking the 
tender tips and young pods of vanilla vines in Tahiti and Moorea, 
with the formation of small pustules. He did not find it as a root 
parasite. 

The characters of the macrospores place the vanilla parasite in the 
Elegans group. In attempting to place the fungus in a previously 
described species, Fusarium eiibense EFS. was immediately suggested 
because of the great preponderance of three septate spores the aro¬ 
matic odor on steamed rice, and the almost universal infection of 
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>oiIs in Porto Rico by F. cnbense. The ehlamydospores of the 
vanilla fungus are somewhat larger than those oi F. cubense and 
salmon-colored masses of maeroeonidia have not been observed in 
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the former, perhaps because of the profuse white mycelial Growth 
com^olj obtained Results of inoculation experiments prove that 
b - cubense is not pathogenic to vanilla. 1 
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A culture of the vanilla fungus was sent to C. 3). Sherbakoff, who 
considered it near to Fusarium batatatis Wollenw. (20). However, 
subsequent inoculations of sweet potatoes failed to produce infec¬ 
tion, and a culture of F. bat at is received from L. L. Harter failed to 
cause infection of vanilla. The Fusaria resemble each other quite 
closely morphologically, and differ principally in the type of sclerotia 
produced. Furthermore, the vanilla Fusarium produces sclerotia 
much less^ abundantly than does F. bafatis . The fungi exhibit 
marked differences in pathogenicity. The vanilla fungus is con¬ 
sidered to be F. batatatis var. can ill ae n. var. 

Fusarium batatatis var. vanillae, n. var. 

Sporodocliia borne on decaying vanilla roots. Macrocomdia, usually 3 septate, 
occasionally 1 to 2 septate, rarely 4 to 5 septate. Three-septate spores, 23 to 45 
by 2.6 to 4 microns, with an average of 34.2 by 3.6 
microns. Macroconidi a curved, pedicellate, hyaline, not 
constricted at septae; apical cell somewhat attenuated. 

Chlamydospores thick-walled when old. single or in short 
chains, brown. 0.5 to 10 microns. Mieroeonitlia hyaline, 
oval-elongate, not borne in chains, 4.5 to 7 by 2.2 to 3.6 
microns. Blue irregular sclerotia on potato cylinders. 

In steamed rice cultures the substratum turns vinous red 
and finally blue. Potato-dextrose agar is reddened, a 
character which is lost in long-isolated strains. Beddish- 
purple sporodoehia produced on oatmeal and potato- 
dextrose agar. 

Differs from Fusarium batatatis Wollenw. in its failure 
to produce blisterlike sclerotia, which are pushed through 
the thallus covering the substratum. F. batatatis pro¬ 
duces sclerotia more abundantly. F. batatatis is patho¬ 
genic to sweet potatoes and nonpathogenic to vanilla: 

F. batatatis var. vanillae is nonpathogenic to sweet 
potatoes and pathogenic to vanilla. 

Parasitic on roots of Vanilla vanilla <L. > Br. in Porto 
Bieo. 

The pathogenicity of the fungus is due to a 
cytolytic enzyme which it produces, causing the 
dissolution of the parenchyma tissue of the root. 

The vascular system is resistant, and cross sections 
of diseased roots show browning and cvtolyzing 
of the cell walls of the parenchymatous tissues, 
whereas the cells of the vascular tissues are yet 
uninvaded. Attempts to isolate the fungus from 
root sections taken 1 inch above the decaying area 
have always been unsuccessful. Of course the vas¬ 
cular region is finally invaded and destroyed, but 
there is never any evidence of the plugging of vessels as in the case of 
disease caused by Fusarium vasinfectum Atk. That there is no 
general invasion of the root is further indicated by the fact that some 
diseased roots which are killed back several inches above the soil bear 
a single branch arising at not more than an inch above the rotted 
portion. (Fig. 2.) The branch root descends to the soil and quickly 
becomes infected. In six cases where the writer placed such branches 
in sterile soil four roots grew normally. In the other two cases, the 
old root continued to decay and the young root succumbed when the 
disease reached the point at which the branch arose. 
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The above facts seem to preclude the possibility that the vanilla 
Fusarium produces a substance toxic to the plant as does F . cubense 
as shown in the experiments of Brandes (-2). Brandes observed that 
cut banana plants wilted when placed in filtrates from cultures in 
Richards’s solution and Uschinsky’s solution. His experiments were 
closely followed by the writer to determine whether the vanilla 
Fusarium resembled F. cubense in this respect. Cultures of F. 
cubense and the vanilla fungus were grown in each solution for two 
weeks. The fungus was filtered out and cut-bean and cotton seedlings 
were placed in the filtrates. The results differed somewhat from 
those obtained by Brandes (2), since the wilting occurred in the 
sterile Richards’s solution as well as in the culture filtrates. In 
Uschinsky's solution Brandes's results were duplicated by the wilting 
of the seedlings in the filtrates from cultures of F. cubense. The 
filtrate from cultures of the vanilla Fusarium failed to cause wilting, 
however, even after 18 hours. A study of the symptoms of the 
disease indicates that absence of a toxic product is to be expected. 
There is no wilting of the plant beginning with the older leaves as in 
the case of the banana. The slow dying accompanied by shrinkage 
of the succulent stems and general yellowing of the entire plant indi¬ 
cates death by starvation. 

Proof of Pathogenicity 

In order to determine whether the soil was a source of infection, 
twenty 8-inch pots were filled with soil from a vanillerv in which 
most of the plants had died from root disease. Ten of the pots were 
autoclaved. One vanilla cutting was planted in each pot, and the 
pots were placed side by side under partial shade. Six months later 
the cuttings in the autoclaved pots were making healthy growth, and 
examination of their roots disclosed no disease. The cuttings in the 
pots of unsterilized soil made little growth, w^ere yellow, and offered 
a striking contrast to the plants in the autoclaved pots. All the 
unsterilized pots contained diseased roots. 

In the above-mentioned and in the following experiments, the 
vanilla cuttings were often taken from diseased vines. Ko evidence 
has been found to warrant the view that the disease is transmitted by 
cuttings except where possibly spores adhere to the surface. To 
eliminate this factor as a source of infection, all cuttings -were dipped 
for five minutes in a 4:4:50 solution of Bordeaux mixture. This 
solution kills the tender tips of the plant, but does no serious damage 
since buds arise readily from the axils of the leaves. Most of the 
cuttings were 3 to 4 feet long. The supporting stakes were about 5 
feet long and, like the cuttings, were dipped in Bordeaux mixture for 
the further prevention of infection. 

In July, 1923, 18 cuttings were planted in autoclaved pots contain¬ 
ing coconut fiber. Growdh had started on each cutting by September 
8,1923, and the coconut fiber in 12 pots was inoculated with Fusarium 
grown for one month on moist corn meal. The fungus produced a 
copious growth and the contents of a liter flask was divided between 
two pots. The inoculum was mixed with the coconut fiber, care being 
taken not to injure the vanilla roots. Pots and plants were covered 
with cheesecloth to prevent the passage of insects acting as carriers. 
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Monthly observations were made and measurements of the new 
growth from each cutting were obtained. Table 1 gives the results 
of the experiment on September 18, 1924. 

Table 1. —Results of inoculating vanilla growing in autoclaved coconut fiber 
with Fusarium batatatis var. ranitlae 


Treatment 


Inoculated.' 

Control (not treated)..i 


, i , Average 

1 Vnmher 1 Average ! Average j length of 

Total , Jr i Number new '> new j time to 

number “rjjr ;of healthy growth of’growth of, appear- 

of plants ! ■ plants diseased I healthy I anee of 

plants plant * plant : symp- 

! , toms 


Inches Inches j Months 
12 1 7 1 5 51 109 2*2 

b 3 3 SI 94 I 7t* 


Table 1 gives little evidence as to the pathogenicity of the organ¬ 
ism used for inoculation, since the proportion of diseased plants 
among the controls is almost as large as among the inoculated. 
However, the average length of time ensuing between inoculation 
and the appearance of diseased roots is not without significance, 
since it varies from two and one-half months in the inoculated plants 
to seven and one-fifth months in the control plants. The table is of 
interest chiefly in showing the decreased growth in the diseased 
plants. The difference is much more marked in the inoculated group 
on account of the later infections occurring in the control group. 

On October 2, 1923, 30 glass tubes, each 20 cm. long and 3^2 cm. 
in diameter, were almost filled with moist coconut fiber, plugged 
with cotton, and sterilized. Ten tubes were inoculated by mixing 
corn-meal cultures of the Fusarium with the sterile fiber. In 
another 10 tubes 12 short sections of diseased vanilla roots were 
placed on top of the fiber. In a third series, 10 tubes were left to 
serve as controls. A surface-sterilized vanilla cutting was intro¬ 
duced into each tube so that the basal node would be in contact with 
the fiber. The tubes were then placed in a frame which held them 
upright and provided a support for the cuttings. The cuttings 
rooted quickly from the node in contact with the fiber. They were 
watered periodically, sterile water being used. The final notes were 
taken about 13*4 months (November 14, 1924) after planting. Un¬ 
fortunately most of the tops were cut off by a vandal and the data 
are therefore restricted to root growth and infection. 

The accidental infections occurring in the experiment summarized 
in Table 1 were prevented by growing the cuttings in plugged tubes, 
but the results obtained in the inoculated tubes were unsatisfactory. 
Seven of the ten tubes which were inoculated with Fusarium from 
corn-meal cultures produced diseased roots, but the progress of the 
disease in the tubes was very different from that under field condi¬ 
tions. In the tubes single root branches became infected and decayed 
back a short distance, and new branches arose and often attained a 
length of 6 inches before becoming infected at the tips. In no case 
was the main root killed. Since only the basal 3 to 4 inches of the 
cutting were inside the tube, only one or in a few cases two roots 
entered the fiber from each cutting. The figures on root growth in 






1130 


Journal of Agricultural Research 


Vol. 35, No. 12 


Table 2 represent the growth of branches, and the stimulation to 
branching due to the death of the small roots is shown by the 
increased root length of the diseased plants. The measurements rep¬ 
resent the sums of the lengths of the root branches. 

Table 2. —Results of inoculating vanilla in coconut filer in plugged glass tubes 


Treatment 

1 Total 
number 
of plants 

Number 

of 

diseased 

plants 

Number 
of healthy 
plants 

Average 

root 

growth of 
healthy 
plants 

i Average 
root 

growth of 
diseased 
plants 

Inoculated with corn-meal cultures of F. batatatis \ ar- 
tnmllae ...-... 

; 10 

7 

3 

Inches 

163 

Inches 

191 

Inoculated with pieces of diseased roots. 

; io 

2 

8 

125 

147 

CriTltfnl inn „ _ 

1 10 

0 

10 

159 



1 





In casting about for an explanation of the unsatisfactory results 
recorded in Tables 1 and 2. an agar medium was prepared from an 
infusion of coconut fiber. Inoculations which were made with the 
vanilla Fusarhmi on the agar failed to produce growth. Inocula¬ 
tions of the infusion likewise failed to produce growth, although the 
fungus could be reisolated from the infusion. Coconut fiber is rich 
in tannin—a chemical inimical to the growth of fungi—and it is 
probable that the heating of the moist fiber during sterilization liber¬ 
ates sufficient tannin to inhibit the growth of the Fusarium. Since 
the foregoing inoculations were made in autoclaved coconut fiber, 
this inhibitory action is believed to account for the uncertainty of 
infection. Probablj' the concentration of the tannin was sufficiently 
high to prevent the growth of the fungus through the substratum and 
only those roots growing in direct contact with bits of the fungus¬ 
bearing corn meal became infected. 

Three weeks after tubes of autoclaved moist garden soil were in¬ 
oculated with the Fusarium the white mycelium of the fungus could 
be seen throughout. Garden soil was therefore used in all the ex¬ 
periments that followed. 

In June, 1921. pots of autoclaved garden soil were planted with 
vanilla cuttings, one cutting per pot. Inoculations were made No¬ 
vember IS, 1924, by stirring into the soil corn-meal cultures of 
Fusarium which were isolated from vanilla. The pots Tvere par¬ 
tially shaded and were not covered with cheesecloth. Table 3 sum¬ 
marizes the results, which w^ere obtained December 14, 1925. 

Table 3. —Results of inoculating vanilla in garden soil 


Number of— 


Treatment 


Inoculated_*_ 

Controls (no treat¬ 
ment).. 


i 


, Total 

1 num- , Healthy Diseased Healthy!Diseased! Healthy 

Diseased 

Healthy 

Diseased 

i berof plants plants plants ! plants 

plants 

plants 

plants 

plants 

1 plants after 3 after 3 after 4 j after 4 

after 6 

after 6 

after 12 

after 12 

I i months months , months i months 

' ! 

months 

months 

months 

months 

! so 26 1 24 ! 24 1 26 

12 

38 

0 

50 

25 21 ' 4 ; 19 j 6 

IS 

7 

13 

12 
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Six months after inoculation the number of aerial roots averaged 
3.4 for diseased plants, ancl 1.8 for healthy plants. This furnishes 
experimental confirmation of in¬ 
creased root proliferation by 
diseased plants. 

In the experiments, every in¬ 
oculated plant became diseased, 
but the high percentage of dis¬ 
eased controls again lays the 
results open to criticism. Isola¬ 
tions from diseased roots from 
both inoculated and control 
plants gave a Fusarium which 
was apparently identical with 
that used for inoculation. 

A method of inoculation was 
devised wherebythe possibilities 
of accidental infections were re¬ 
duced to a minimum. Tubes 
26X3^ cm. were two-thirds 
filled with moist soil, plugged 
with cotton, autoclaved, and 
inoculated with Fusarium. 

Healthy descending aerial roots 
6 to 12 inches long were washed 
with 1:1,000 mercury chloride 
solution, rinsed with sterile 
water, and introduced into the 
inoculated tubes at the side of 
the cotton plug. The tubes were 
then tied to the support so as to 
keep the roots in as nearly their 
original position as possible. A 
tarred-paper cover was tied 
above the cotton plug and be¬ 
tween the mouth of the tube and 
the support to prevent wetting of 
the plug by rain. (Fig. 3.) 

Inoculations by this method 
were successful in every instance. 

Forty-six inoculations resulted 
in the death of the root, showing 
symptoms typical of natural in¬ 
fection. The Fusarium was re¬ 
isolated from each root. Usu- 



rW^a-nrHno* vnnt tq in- FlG - 3.—Method of inoculating aerial roots 

alJy, tne descending loot is m 0 £ y art m a situ. The root is washed 

varlpd and killed ns it reaches the with merenric chloride solution and in- 

\ acted ana Kiueu as m leagues uie serted jn the tube of autoclaved inocu- 

SOll, and the length Ox time re- Iated soil, which is tied to the support 

quired for infection varies from 

4 to 26 days. With very wet soil the root may come in contact 
with the fungus on the walls of the tube and die before reaching 
the soil. (Figs. 4 and 5.) In any case, the roots rot very quickly 
in infected wet soil. In soil containing only a medium quantity 
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of water the incubation period is longer. Twenty-five uninocu¬ 
lated control tubes supported normal root growth, the root penetrat¬ 
ing to the bottom of the tube and bearing many branches. The 
control tubes were allowed to remain in place for two months and 
showed no evidence of infection. 


Inoculations of slightlv wounded roots alwavs resulted in infection. 
(Fig. 6.) 


A culture of Sderothim rolfsii 
the Insular Experiment Station 
sent to the writer. Ten tubes 
were inoculated with the fungus 
and used for inoculating va¬ 
nilla roots, but no infection was 
obtained. 

To determine the possibility 
of infecting other portions of 
the vanilla plant, a water sus¬ 
pension of the Fusarium my¬ 
celium and spores was sprayed 
upon 10 vines. Xo infection 



Sacc., isolated from vanilla roots at 
in Eio Piedras by M. T. Cook, was 



Mg. Left, two control roots from tubes 
of autoclaved soil; right, three infected 
roots from tubes of autoclaved soil in¬ 
oculated with Fusarium batatatis var. 
vanitlac. Photographed 12 days after 
the roots were placed in tubes 


resulted on leaves or stems. Ten stems were inoculated bv placing the 
fungus m a shallow slit in the internodes. Seven days later a brown 
shrunken area surrounded by a dark green water-soaked margin was 
observed, and a viscous amber liquid exuded from the wounds. The 
invaded area enlarged, involving finally the whole internode, but in 
only two cases did the decay pass a node. The decay continued until 
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it completely destroyed the inoculated internode. (Fig. 7.) The 
fungus was reisolated from the margins of rotting internodes. A rot¬ 
ting of single internodes is occasionally seen in vanilleries, caused 
possibly by wound infection. This rot "is distinct from the soft rot 
of the vines as described by Ragunathan (13). 

Inoculations of wounded stems with Fusarium cubense produced 
no infections, and the wounds healed rapidly and were indistinguish¬ 
able from those on 10 uninoculated control plants. 



Fig. 6 . —Three roots at the left were wound-inoculated with Fusarium batatatis rar. 
vanillae; the roots at the right were wounded hut not inoculated. Photographed 
five days after inoculation 


The Fusarium is able to persist in the soil for at least four years. 
Cuttings that were planted in a vanillery in places where the 
plants had been killed by root disease four years previous were 
attacked and killed in less than a year. U tubes of sterile soil were 
inoculated in one arm. The average length of time required for the 
fungus to reach the surface of the soil in the uninoculated arm, 
a distance of 14 cm., was 10 days. In compact soil the rate of growth 
would probably be much slower, but the fact that the fungus can 
thrive in the soil when deprived of a living host indicates long reten¬ 
tion of the organism by infected soils. 

CONTROL 

The problem of controlling vanilla root disease has some features 
in common with that of controlling banana wilt. Roth are caused by 
a Fusarium which is able to persist in the soil for long periods. Both 
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hosts are ordinarily propagated by vegetative methods, which offer 
little opportunity for successful selection for resistance to the disease. 
Vanilla has the advantage of producing seed from which seedlings 
mav be grown only with difficulty. 

In addition to the valuable Vanilla vanilla (L.) Br., there are a 
number of species of Vanilla of low commercial value. ^ One of these, 
known as the ” pom-pom " type, is resistant to root disease. Plants 
of this vanilla when grown in an infected vanillerv where all the 
r, vanilla was killed continued growth for 12 years. The plants 
are not immune to the disease, since many diseased roots may be 


found on them, blit that they show 



Fig, T, —Sections of vanilla stems wound-inocu¬ 
lated with Fusarium but at at is var. raniUat. 
Photographed three weeks after inoculation. 


a marked resistance is apparent 
from the luxuriant growth and 
dark green color. 

Crosses between Vanilla va¬ 
nilla and the i£ pom-pom ” 
vanilla offer a possible means 
of obtaining resistant strains 
of high commercial value. 

Liming the soil to counteract 
acidity has been found to be 
valuable in combating banana 
wilt. Vanilla thrives best when 
feeding in a mulch of decaying 
organic matter. When such a 
mulch is maintained for several 
years, however, it is likely to 
produce a high acid condition, 
owing to the constant libera¬ 
tion of organic acids on a 
limited area. ISTo data have 
been obtained on the effect of 
liming on vanilla, 

McClelland (10) has recom¬ 
mended the planting of coffee 
with vanilla. Coffee thrives in 
locations that are favorable to 
vanilla, and the shade trees used 


as supports for vanilla furnish 
the shade required for young coffee plants. Coffee is not attacked by 
the vanilla Fusarium, and vanilla is not susceptible to the coffee root 
fungi (.RoselHhia hunodes and an undetermined basidiomvcete). 
Under present conditions the vanilla may be expected to have "passed 
its profitable age after six or eight years, at which time the coffee 
trees should be producing well. 

In the inoculation experiments severe infection by Fusarium was 
observed to follow a disturbance of the soil or mulch in which the 
vanilla roots were growing. Vanilla roots are succulent and easily 
injured, and cultivation under field conditions should be avoided. 
The shade and mulch should be sufficient to prevent the growth of 
grass and weeds about the vanilla roots. 
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SUMMARY 

Vanilla vanilla (L.) Br., an orchid producing pods from which 
the vanilla of commerce is extracted, has been cultivated profitably 
in Porto Rico. 

The roots of the plant are attacked by a root disease, caused by 
Fusarium sp., which is very severe and widespread. The fungus 
rots the roots, causing cessation of growth and the gradual death 
of the plant from exhaustion, due to the proliferation of new roots. 
These are killed upon reaching infected soil. 

The Fusarium is a soil-inhabiting fungus and retains its activity 
in the soil at least four years and probably much longer. 

Sterilized coconut fiber is an unfavorable medium for inoculation, 
probably because of the presence of tannin. 

A method of inoculation of aerial roots in tubes of inoculated soil 
proved to be very satisfactory for demonstrating the pathogenicity 
of the fungus, and inoculations invariably resulted in typical infec¬ 
tions from which the Fusarium was reisolated. 

The vanilla Fusarium is described as a new variety, Fusarium 
batatatis var. vaniJl-ae . It also resembles F. cuhense EFS. It is 
not pathogenic to sweet potatoes, and F . cuhense and F . batatatis 
Wollenw. are not pathogenic to vanilla. 

Crossing Vanilla vanilla with a less valuable but highly disease- 
resistant vanilla is suggested as a possible means of obtaining a 
disease-resistant strain of high commercial value. 

Injury to the roots by cultivation is prejudicial, and mulch and 
shade should be maintained to prevent the growth of weeds and the 
necessity for cultivation. 
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CORRELATION OF KERNEL TEXTURE, TEST WEIGHT 
PER BUSHEL, AND PROTEIN CONTENT OF HARD RED 
SPRING WHEAT 1 

By J. H. Shollenberger, Marketing Economist , and Corinne Failyer Kyle, 
Junior Marketing Specialist , Milling and Baking Laboratory , Bureau of Agri¬ 
cultural Economics , United States Department of Agricidture 2 

COMMERCIAL IMPORTANCE OF FACTORS DENOTING QUALITY 

IN WHEAT 

Certain factors in wheat which are now recognized as indicators 
of milling and baking qualities are becoming increasingly important 
in determining the market price of wheat. These include grade, 
kernel texture, test weight per bushel, locality of production, and 
protein content. Because of the simultaneous occurrence of varia¬ 
tions among these factors, it is difficult to compare the effect of each 
on price. Furthermore, their relative importance changes with the 
supply of and demand for wheat of the various types and qualities. 

Before the development of modern transportation facilities and 
specialized occupations, when each community produced and pre¬ 
pared for consumption its own food supplies, differences in milling 
and baking qualities of wheat were of little or no commercial 
importance. The milling of wheat was then chiefly on a grist-grind¬ 
ing basis. As transportation facilities improved and occupations 
became more specialized, the grist-grinding trade decreased and the 
merchandising of wheat and flour increased. This increase in mer¬ 
chandising naturally led to a greater appreciation of the differences 
in the milling and baking qualities of wheat. 

Undoubtedly, flour-yielding capacity was the first factor to be 
given attention. The plumpness of the wheat kernel was early 
associated with flour yield, and no doubt the miller was not long in 
learning that weight per bushel was a good index to plumpness, and, 
consequently, to flour yield. With the further development of trans¬ 
portation facilities which increased the sources of supplies of raw 
material and the possibilities for the extension of trade over wider 
areas, competition between mills increased. Coincident with the in¬ 
crease in competition, baking quality became of greater importance. 

At about this time agencies were set up for the inspection or 
grading of wheat in order to facilitate the trading in that commodity. 
Inspectors, in accordance with certain rules, determined the grade, 
which was supposed to be an indication of the condition and milling 
value of the wheat. This w T as the beginning of the modern system 
of grain grading. The rules or specifications for these first grades 
were indefinite and left much to individual judgment, which varied 
considerably among the different inspectors. Uniformity in grading 
was impossible under a system of this kind. To aid in eliminating 
this condition the trade demanded more definiteness in the grade 
specifications. 


1 Received for publication Aug. 17,1927; issued January, 1928. 

2 Valuable advice and assistance on the statistical phase of this work were rendered by H. R, Tolley 
and Mordecai Ezekiel of this bureau. 
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From the first, test weight per bushel was recognized^ as an 
important factor in grading. It is probable that gluten quality and 
quantity also were early recognized as important, but because of the 
time involved in ma kin g a test and the lack of a method whereby 
uniformity of results among different operators could be assured, 
these factors were left out of the grade specifications. Kernel texture 
was used instead. This was accomplished in the hard red spring 
wheat grades by making a distinction between the “hard” and the 
“soft”"wheat types, and in the hard red winter wheats by the use 
of the terms “light,” “dark,” and “medium” in connection with the 
numerical grade to denote the general color or kernel characteristics 
of the sample. When the Federal Government established standards 
for wheat in 1917 this factor was recognized as important in indi¬ 
cating commercial value and was incorporated in the standards. 

In harmony with the policy pursued in connection with the other 
grading factors, definite limitations were placed on the meaning of 
the terns used to designate the differences in hardness. In the case 
of the hard red spring and hard red winter wheat classes this was 
done by establishing subclasses based on the percentage of dark, hard, 
and vitreous kernels present. This, although accepted by the trade 
at the time as the best practicable means of designating quality, has 
never been considered wholly satisfactory, and with the development 
of improved analytical technic and an increased appreciation 
of quality, other methods more accurate and definite have been 
adopted by the trade for determining quality. The protein test is 
one of these methods, and has become of such commercial importance 
that a large proportion of the hard red spring and hard red winter 
wheats are being marketed to-day on that basis in conjunction with 
grade. Because of this widespread use of protein content in the 
grading of wheat a study of any relationships existing between it 
and the other factors used in the grades is of the utmost importance. 

The only grading factors associated to any appreciable extent with 
kernel structure and composition are kernel texture, test weight per 
bushel, and moisture content. These, therefore, are the only grading 
factors that have any significant relationship to protein content. It 
is with these relationships that this paper is directly concerned. 
Moisture content, however, is taken into account only to the extent 
of converting all protein data used to the uniform moisture-content 
basis of 13.5 per cent. For information as to the relationship of the 
moisture content of wheat to protein content the reader is referred 
to United States Department of Agriculture Miscellaneous Circular 
No. 28 (If). 3 


CONCLUSIONS OF PREVIOUS INVESTIGATORS 


a A number of investigators (S t 5 , 6 , 9 , 15 ) 4 have found that a rela¬ 
tionship exists between kernel texture and protein content of wheat. 
Mangels (S), although admitting this relationship, concludes that the 
percentage of dark kernels can not be considered a reliable index of 
protein content for the use of the wheat buyer. Shollenberger and 
Coleman (IS) found a very definite relationship between kernel 


J Referee is made br number (italic) to “Literature cited,” p. 1151. 

< Since this article went to press the following paper has been published: Coleman, D. A., Dixon, 
m. B., and Fellows, H. C. a comparison of some physical and chemical tests for determining 
the quality of glcten in wheat and floue. Jour. Agr. Research 34: 241-264. 1927. 
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texture and protein content when climatic, cultural, and varietal 
influences were held constant. 

As to the relation of test weight per bushel to protein content, 
Snyder (15) found that light weight and shrunken kernels are deficient 
in starch but comparatively rich in total protein; especially was this 
evident when the seeds were taken from the same source. Bailey 
and Hendel (I), Davidson and LeClerc (3), Mangels and Sanderson 
(9)j and Mangels (8) found no significant relationship between test 
weight per bushel and protein content. 

METHODS OF STUDY EMPLOYED 

So^far as known, all previously published results concerning the 
relationships of kernel texture and test weight per bushel to protein 
content obtained by correlation studies were derived by gross linear 
correlation methods; that is, the effect of only one factor at a time 
was considered, and no attempt was made to determine whether that 
effect varied in different parts of the range. In the present paper 
the study of these relationships has been extended, and the results 
given were derived from the use of net and multiple linear and 
multiple curvilinear methods. These methods make it possible to 
consider the effect of several factors working simultaneously and to 
allow for differences in the effect of each factor in different portions 
of its range. Moreover, these methods are usually more accurate 
and complete in their indication of relationships. In cases where 
the realtionship is not linear or where there is a reversal of direction, 
curvilinear correlation methods are particularly valuable. 

SOURCE AND DESCRIPTION OF DATA 

The correlation studies here presented were made from 1,290 
samples of hard red spring wheat grown during the crop years 1915 to 
1923, inclusive, in 20 Northern and Western States, a few in Canada, 
and two in Manchuria. Slightly over 60 per cent were produced in 
the four largest spring wheat-producing States, North Dakota, 
South Dakota, Minnesota, and Montana. About half of the sam¬ 
ples were obtained from commercial lots of grain and the remainder 
from experiment station plots. 6 

In Table 1 data are given which show by crop year the number of 
commercial and experimental samples obtained from each of the 
various geographical sections. 

Most of the experimental samples were grown in variety tests by 
the Office of Cereal Investigations, Bureau of Plant Industry, in 
cooperation with the various State experiment stations. Twenty- 
nine varieties are represented in the samples, of which 255 samples 
were of Marquis and 98 of Kota. In the case of the commercial 
samples it seems probable, although it has been impossible to ascer¬ 
tain with certainty, that the greater portion of the commercial samples 
were of Marquis. The commercial wheats were obtained chiefly from 
Federal grain supervision offices located at the larger grain markets, 
and are believed to be fairly representative of the hard red spring 
wheats marketed during each of the respective seasons. Data 
regarding the varieties of wheat included in the samples are presented 
in Table 2. 


* The method employed in securing representative samples is fully described in U. S. Department of 
Agriculture Bulletin No. 1187 {IS). 
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Table 1 . —Number and source of samples from, hard red spring wheat grown 1915- 

1923 
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Table 2 . —Number of samples of each variety of hard red spring wheat grown 19 Id- 

1923 


1915 ) 1916 | 1917 


1918 


1919 


1920 


1921 


Variety 


1 * 5 ? 53 os«siesJ«S 



Chul 

Converse_ 

Early Triumph... 

Erivan.. 

Ghirka.. 

Glyndon. 

Haynes Bluestem. 

Huston. 

Iobred.. 

Java... 

Kitchener. 

Kota. 

Ladoga.. 

Laramie.. 

Marquis.I— 

Norka.— 

Pioneer.I— 

Power.— 

Prelude. 

Preston. J— 

Progmss.. 

Red Bobs.■— 

Red Fife. 

Redsask..... 

Reliance. 

Ruby__ 

Rysting.. 

Unknown. 

Probably Marquis — 

Total. 0 


1 ... 


.■ 4 

. 10 
12 


4 .... 


2 .... 


18 ■ 59 


|s||Si|SieS 

°« , sa: 0 a|£a l 

g ~]£ c= jg 

£ § [ s § 


3 I-1 

9 


*-> B ® S 

o cs «a 5 
CO I O 55 
■ s-t.—. 

taaiaa 

:|§;i§ 


I 


1 i 1 

1 l:zL l . 

5 5 

—I—J 1 


ris', 


3 1 _ 

1 ..... 


'iff j i3 r 


‘T 

"T 

"T 

7 

3 

9 



Li:: 
j_ 

"Tj 


::::! 


.... 2 .... 
JJ4 . 

95 i‘ 


0 1101 


ill 

a 1 


1 !.. 
i l, 

i j., 

4 


! 25 i 

1 1 ! 


30 i 
5 ! 


o 1—2 .... 


-! 6 j.... 


....{ 3 


2 I- 


4 !.... 






It 1 

1 13 
( 44 

1 

1 2 | 

30 ! 

jioo 

55 j 

32 | 


4 

_"T 


65"!.... 
65 1131 


1922 1923 


II 

|s 

o £ 
£s 

I s 


is, 

B's 


S'! 


,|3 

Tag 

a © 

5s 


gg 


i ..... 


l[v: 

42 4 
1 !.... 


1 .... 
y 


12 '.... 

y;:: 

”§"CZ 


8 !....' 
._il05 


19 


[130 

[127 [110 1122 Il33 11, 290 


5 

1 

2 

3 

12 

18 

53 

3 

1 

2 

24 

98 

3 

2 

255 

10 

31 

55 
23 
73 

1 

43 

10 

10 

1 

38 

1 

56 
456 





































































































Dec. is, 1927 Milling and Baking Qualities of Hard Red Spring Wheat 1141 


Except in test weight per bushel all wheats included in this study 
met or bettered the requirements of the official standards of the 
United States for No. 2 grade of hard red spring wheat. The deter¬ 
minations for texture of kernel, test weight per bushel, and other 
factors used in establishing the grade of these samples were made in 
accordance with the rules and instructions under which licensed 
inspectors are required to grade grain. 

Table 3. —Correlation between kernel texture and protein content of hard red spring 

wheat 


Number of samples containing specified percentage of dark, hard, and vitreous kernels 


Protein 
content« 
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Table 4. —Correlation between test weight per bushel and protein content of hard 

red spring wheat 


Number of samples of specified test weight per bushel 
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The crude protein (N X5.7) percentages used in connection with 
these samples are on the basis of a 13.5 per cent moisture content. 
The determination of this factor for the wheat samples from the 
crops since 191S was made by the chemical research laboratory of 
the Grain Division, Bureau of Agricultural Economics. 

Tables 3, 4, and 5, respectively, show the distribution of kernel 
texture with protein content, the distribution of test weight with 
protein content, and the distribution of kernel texture with test 
weight. 

Table 5. —Correlation between kernel texture and test weight per bushel in hard red 

spring wheat 


Number of samples containing specified percentage of dark, hard, and vitreous kernels 


Test ' -s 1 
weight per, £ . 
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CORRELATION OF KERNEL TEXTURE AND TEST WEIGHT WITH 

PROTEIN CONTENT 

The correlation studies of the relationships of the two grading fac¬ 
tors kernel texture and test weight to protein content were considered 
first by gross linear correlation methods, 6 followed by a study employ¬ 
ing multiple linear correlation methods (16), and a study of these 
relations by multiple curvilinear methods (4). 

In Table 6 are given the correlation coefficients and the standard 
errors of estimate for gross linear correlation, and the correlation 
coefficients, regression coefficients, and the coefficients of determina¬ 
tion (14) for net linear correlation found by correlating kernel tex¬ 
ture and test weight per bushel with the protein content. 

In Table 7 are given the coefficient and index of correlation, stand¬ 
ard errors of estimate, and the joint determination of protein con¬ 
tent, kernel texture, and test weight as determined by multiple 


* The coefficients and the standard errors of estimate for gross linear correlation were determined by the 
use of double frequency tables as described by Richey (10) 
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linear and multiple curvilinear correlation studies. Neither the mul¬ 
tiple linear correlation coefficient nor the multiple curvilinear corre¬ 
lation index given in this table can properly be preceded by a plus 
or minus sign to denote the nature of the correlations because they 
measure a joint relationship in which the correlation between certain 
of the factors may be positive and between other factors negative. 

Table 6.— Gross and net linear 

correlation of protein content with kernel texture 
and test weight 

Item 

i , 

Gross correlation , Xet correlation 

| j 

i Standard! j Regres- Deter- 

i Coefficient j error of ! ^sion co- 1 mination 

j iestimate ue i efficient coefficient 

Protein content correlated with— 

Kernel texture.-. 

. 1 Per cent 

..J +0. 5363±0.0134 1 1 02 +0.5310 +0.0564 • ‘V. S 

Test weight.. 

—, -0.2315+0.0178 j 3.09 -0.2147,-0.1300 4.2 

Total. 

i ! 1 


° In percentage points of protein determination. 


Table 7. —Multiple linear and multiple curvilinear correlation oj protein content 
with kernel texture and ted weight 



Multiple linear correlation , 

Multiple curvilinear correla¬ 
tion 

Item 1 

i 

i 

CnpfTi ! Standard! Deter* ' 
fipnt i error of mination i 
'estimate a ; coefficient 

Standard Deter- 
Index error of mination 
estimate a , coefficient 

1 | .. .. 

Protein content correlated with kernel j 
texture and test weight__1 

! 1 j 

; Per cent 

0.5601 1.87 32.0 ! 

! 

1 Per cent 

1 

i i i 

0.6627 j 1.7 j 44.0 


a In percentage points of protein determination. 


The gross correlation coefficient found between kernel texture 
and protein was 4-0.5363, indicating a fairly high positive relation¬ 
ship, whereas the gross correlation coefficient between test weight 
and protein was —0.2315, indicating for these two latter factors a 
significant negative relationship, although not so close a relationship 
as that between kernel texture and protein content. 

The study of these factors by net linear correlation methods gave 
4-0.531 as the net coefficient of correlation between kernel texture 
and protein content, and —0.2147 as the net coefficient of correlation 
between test weight and protein content. These net coefficients indi¬ 
cate practically the same degree of relation as shown by the gross 
coefficients, and, furthermore, denote that there is^no intercorrelation 
between test weight and kernel texture affecting the individual 
relations between these two factors and protein. Analysis by means 
of multiple linear correlation between these two factors and protein 
gave 0.5661 as the coefficient of multiple correlation, indicating that 
these two factors combined accounted for 32 7 per cent of the varia- 


7 This figure is derived by squaring the coefficient of multiple correlation <R-), and represents the 
proportion of the total variability for which kernel textuie and test weight are responsible in this 
particular combination of factors. 
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tion in protein content based on the assumption that the relation¬ 
ship is linear. A test for curvilinearity by the approximation method 
(i) revealed, however, that the relationship of both factors to protein 
was decidedly curvilinear in character. Curves were determined by 
the curv ilin ear correlation method to show the net effect ot kernel 
texture upon protein (fig* 1) and the net eflect of test weight upon 
protein (fig. 2). Computing the multiple correlation for these curves 



Fig. 1.—Net relation ofj kernel texture to protein content. This curve shows for hard red spring 
wheat the differences m protein content due to certain differences in kernel texture. Test weight 
per bushel was held constant by mathematical methods 


-PROTEIN 



gave a correlation index of 0.6627. This is a considerable increase 
over the coefficient of multiple linear correlation, 0.5661, showing 
that there is a marked curvilinearity in the relationships. The joint 
coefficient of determination for the curvilinear relations is 44, indi¬ 
cating that, when the relations are considered, curv ilin ear kernel 
texture and test weight combined account for 44 per cent of the 
variations in protein content. Since the joint coefficient of deter¬ 
mination for the curvilinear relations is 12 points higher than the 
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joint coefficient for linear correlation, it is evident that the determi¬ 
nation of variability of protein has been increased 12 points by 
curvilinear methods, and that the curves shown in Figures 1 and 2 
more accurately describe the relationships of kernel texture and test 
weight to protein content than would the regression lines of linear 
correlation. 

Although nearly half—44 per cent—of the variability of protein 
content was due to the influence of kernel texture and test weight, 
there still remains 56 per cent of the variations which are due to the 
influence of other conditions or factors. These other factors have 
not been considered in this article. 

RELATION OP KERNEL TEXTURE TO PROTEIN CONTENT 

In the correlation studies here reported there was found a fairly 
strong tendency for protein content to increase as the percentage of 
dark, hard, and vitreous kernels increased. 8 This tendency, however, 
was not constant, but was more pronounced among the high per¬ 
centage of dark, hard, and vitreous kernel groupings than among 
the intermediate and low percentage groupings of samples. This 
relationship between kernel texture and protein content is shown in 
Figure 1. From this graph it may be seen that in the range from 
75 to 100 per cent of dark, hard, and vitreous kernels the increase in 
protein content for each 1 per cent increase in dark, hard, and vitreous 
kernels is approximately twice as great as that from 0 to 75 per cent. 
And because 75 per cent marks the dividing line in the Federal 
wheat standards between the Dark Northern Spring and Northern 
Spring subclasses of hard red spring wheat, this fact is of particular 
significance, for it means that the kernel texture limitations of the 
Dark Northern Spring subclass are about twice as significant as 
indicators of protein content as those of the Red Spring and Northern 
Spring subclasses combined. 

Below 40 per cent of dark, hard, and vitreous kernels there was 
for each 1 per cent increase in that factor an average increase of less 
than 0.01 per cent in the protein content; for each 1 per cent increase 
between 40 and: 75 per cent the average gain in protein content was 
slightly greater than 0.03 per cent; and for each 1 per cent increase 
between 75 and 90 per cent an average increase of 0.09 per cent in 
protein was shown. The greatest rate of increase in protein was 
found to accompany changes in kernel texture in wheats above 90 
per cent of dark, hard, and vitreous kernels. This increase averaged 
0.19 per cent gain in protein with each 1 per cent increase in kernel 
texture. 

RELATION OP TEST WEIGHT TO PROTEIN CONTENT 

From the correlation studies reported in this article, test weight 
per bushel was found to have a significant relationship to protein 
content. The nature of this influence, however, was not the same 
throughout the entire range in test weight, which extended from 43 
to 64 pounds. As the test weight increased in the lower portion of 
the range, the percentage of protein was also inclined to increase, 

$ As used through this article the terms “increase” and "decrease” or "rate of change” are meant to 
indicate the differences in the relation of factors from sample to sample. It is obvious that a given sample 
of wheat can not change its protein content or its proportion of hard kernels. What is meant in the state¬ 
ments in the text is that samples which show the higher precentages of dark, hard, and vitreous kernels 
also show the higher protein contents. 
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but as test weight increased in the remainder of the range the per¬ 
centage of protein was inclined to decrease. As can be seen from 
Figure 2, wheats up to 54 pounds in test weight per bushel showed 
about the same relation between differences in protein content and 
differences in test weight, while above 54 pounds per bushel the pro¬ 
tein decreased as test weight increased, this decrease becoming even 
more marked in wheats weighing above 61.5 pounds. 

Wheats with test weight between 43 and 54 pounds increased in 
protein content on an average 0.34 per cent for each 1 pound increase 
in test weight. On the other hand, wheats with test weight between 
54 and 61.5 pounds decreased on an average 0.20 per cent in protein 
content with each pound increase in test weight, while wheats with 
test weight above 61.5 pounds deci’eased on an average 0.60 per cent 
in protein content for each pound gain in test weight. 

It will be noticed that the increase in protein in wheats weighing 
between 43 and 54 pounds was nearly twice as great as was the 
decrease in protein in wheats weighing between 54 and 61.5 pounds. 
In connection with the decrease in protein content associated with 
increases in test weight per bushel above 54 pounds, it is interesting 
to note that up to 61.5 pounds the decrease is only one third as 
great as that in wheats above 61.5 pounds. 

It has been generally believed that there is a negative relation 
between test weight and protein content; in other words, that the 
protein content tends to increase as the test weight decreases. Cer¬ 
tain previous linear correlation studies have not upheld this belief, 
but bv the application of curvilinear methods it is substantiated 
within certain limits. (Fig. 2.) These methods show that for wheats 
weighing more than 54 pounds the relation was negative; for those 
weighing less than 54 pounds the relation was positive. This reversal 
of tendency in relationship probably accounts for the lack of rela¬ 
tionship reported by previous investigators using linear correlation 
methods of analysis, because the negative and positive influences 
operating at opposite ends of the range in test weight tend to cancel 
each other. 

If the reversal in direction of relationship shown by these studies 
is correct, it should follow that the conditions responsible for lowering 
the test weights below 54 pounds also tend to lower the protein 
content, and that the conditions responsible for the test weights 
above 54 pounds have an opposite effect on the protein content. 
Because of these opposite effects it is natural to expect that the 
conditions responsible for them are different. That such is the case 
is evident from the fact that test weights below 54 pounds seldom 
occur except in crops injured by rust. Headden (7) reports that 
rust causes a very marked depression in the protein content of 
wheat. _ Therefore, since the extremely low test-weight wheats occur 
chiefly in the crops affected by rust, and since test weight is, in part 
at least, a measure of the extent of the rust injury, the correlation 
between test weight apd protein content for wheats thus affected 
should properly be positive. On the other hand, it has been proved 
that under normally healthy conditions of growth the proteins are 
formed or stored in the wheat kernel at an early stage in the kernel's 
development and the starch is placed there during the later stages. 
It is the abundance of starch that gives plumpness to the kernel, 
and plumpness is associated with high test weight; therefore, con- 
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ditions which arrest the development of the kernel or shorten its 
period of maturity will produce a kernel of lower starch content and 
therefore of lower test weight per bushel with a relatively higher 
proportion of protein content. This, then, accounts for the negative 
relation between test weights above 54 pounds and protein content, 
and tends to prove the accuracy of the relationships here shown. 

COMBINED RELATION OF KERNEL TEXTURE AND TEST WEIGHT TO PROTEIN 

CONTENT 

As has been shown in previous paragraphs, both kernel texture 
and test weight were found to have a significant influence upon pro¬ 
tein content. Forty-four per cent of the variations in protein were 
due to the combined influence of these two grading factors. 

The results from the linear correlations indicate that kernel texture 
is much more important than test weight, and the curvilinear corre¬ 
lations, which give a closer approximation to the true relationship, 
provide evidence that test weight is really considerably more im¬ 
portant than was indicated by the linear correlation coefficients. 
Computation of the coefficients of net curvilinear correlation is a 
long and tedious operation and was not undertaken. 

As previously stated, variations in kernel texture and test weight 
accounted for 44 per cent of the variations in protein; which means 
that there still remain 56 per cent of the variations unaccounted for. 
Undoubtedly the larger portion of these undetermined variations 
are due to differences in varietal tendencies, soil, cultural methods, 
quantity of fertilizer, and time of applying it, rainfall, and other 
growing conditions. These same causes of variation very likely 
have a direct influence also upon the kernel texture and the test 
weight. This being the case, these undetermined influences will, 
through kernel texture and test weight, affect the protein content 
indirectly as well as directly. What these other influences are and 
what their importance is, have not been considered in this study. 

ESTIMATION OF PROTEIN CONTENT 

In the hard red spring and hard red winter wheat-producing sec¬ 
tions of this country the price received for wheat by both the country 
shipper and the terminal-market grain merchant is directly affected 
by the protein determination made at the terminal market. The 
farmer, except when he markets his wheat himself or through some 
cooperative agency, receives no direct benefit from the determination 
of this factor. There is, however, an indirect way in which the 
price benefits resulting from protein content may be reflected back 
to the farmer. Returns from the early shipments for any season 
may indicate to the country shipper the protein-content tendency in 
the wheat grown in his locality, and thereby influence the general 
level of price offered for later deliveries of wheat at that point. 

Variations in such factors as soil type and condition, rainfall, 
elevation, atmospheric temperature, seed variety, seed-bed prepara¬ 
tion, and land drainage are responsible for the differences occurring 
in protein content, and since these factors do not vary as much over 
small as over large areas, protein returns on a few shipments of wheat 
are indicative, to some extent at least, of the protein content of other 
wheat of the same crop produced in the same locality. For a num¬ 
ber of years the grain trade has given recognition to this fact by 



1148 


Vol. 35, No. 12 


Journal of Agricultural Research 


paying given premiums for wheat that comes from certain shipping 
points. This is known as “map” buying, and, although it is not 
always an accurate guide to quality, it serves this purpose in the 
absence of any better means of judging quality. Under this system 
the price reflected back to the farmer is based upon the average 
quality of previous receipts of wheat during that season from his 
locality. It will be seen that benefits based on this principle may 
prevent the producer of excellent-quality wheat from obtaining the 
full market value of his product, and may give to the producer of 
low-quality wheat more than he is entitled to receive. 

Only when the country shipper can know, either through actual 
test or through some reliable method of estimation, the milling and 
baking value of the wheat offered to him can the individual pro¬ 
ducer of high-quality wheat expect to receive the full benefit of the 
quality of his product. Any means, therefore, by which the shipper 
can know or more accurately estimate quality will aid in bringing 
this about. Since protein content has been so generally accepted 
by the grain trade as an indicator of quality and is being so exten¬ 
sively used for determining the price commensurate with the quality 
that the wheat is assumed to have, any means whereby the protein 
content may be estimated by the country shipper would accomplish 
this purpose. 

Table 8.— Average net relation between percentage of dark, hard, and vitreous 
kernels (kernel texture) and percentage of protein in samples of wheat 
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Table 9. —Correction of estimated protein content to take account of differences in 

test weight 
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From the relationship of kernel texture and test weight per bushel 
to protein content, which the multiple curvilinear correlation studies 
reported in this paper have shown, it would appear that a fairly 
reliable estimation of protein content can be made if kernel texture 
and test weight per bushel are known. Based on these studies, such 
a method of estimation is here presented. 

In making the estimations of protein content, Tables 8 and 9 are 
employed. These tables were compiled from the net regression curves 
shown in Figures 1 and 2. 

In Table 8 are presented estimates of the protein value most likely 
to accompany certain given kernel textures, and in Table 9 are pre¬ 
sented correction factors for taking into account the influence of test 
weight upon protein content. In estimating protein content Tables 8 
and 9 are used in the following manner: 

Example 1: What percentage of protein in a lot of hard red spring 
wheat is indicated by a sample of 62 pounds test weight, containing 
50 per cent of dark, hard, and vitreous kernels, when the effect of 
both of these grading factors upon protein content is considered? 

Solution: In Table 8, column 1, find 50 per cent kernel texture, 
read from column 2 the accompanying protein value, which is 11.3 
per cent. In Table 2, column 1, find 62 pounds test weight and then, 
from column 2, read the correction factor, which is —0.6. Make the 
correction by subtracting 0.6 from 11.3 per cent, which gives 10.7 
per cent as the percentage of protein most likely to accompany wheat 
containing 50 per cent of dark, hard, and vitreous kernels and having 
a test weight of 62 pounds. In case the correction factor is preceded 
by a plus sign the estimated protein content is obtained by adding 
the correction factor to the protein value taken from Table 8. 

RELIABILITY OF PROTEIN ESTIMATES 

On the basis of the samples used in this study, if one should employ 
these tables to estimate the protein content of wheat when the kernel 
texture and test weight are known, the probable error of the estimates 
would be ±1.1; that is, one-half the estimates should be within 
1.1 per cent lower or higher than the actual protein content. The 
standard error of estimate would be ±1.7, and 68 per cent of the 
estimates should be within 1.7 per cent lower or higher than the 
actual protein content. That is, in 68 per cent of the samples, if 
the actual protein percentage was more than the estimate, it did 
not exceed it by more than 1.7, and if it was less than the estimate, 
it did not drop more than 1.7. These calculations are based on a 
uniform moisture content in the wheat. 

The kernel textures of the samples used in this study represent the 
percentage by weight of kernels which were wholly dark, hard, and 
vitreous in appearance. Kernels of a vitreous character that had 
starchy spots as well as those that were wholly starchy in appearance 
were not considered dark, hard, and vitleous. This is in accordance 
with the interpretation placed on this term as ordinarily used in 
connection with the inspection and grading of wheat. In this 
interpretation no account is taken of the relative differences in texture 
between kernels partly vitreous or wholly vitreous but of a bleached 
appearance and those wholly starchy in character; and to that extent 
texture analyses of samples based on this interpretation are not a 
true indication of kernel texture except in cases where no mottled 
or bleached kernels are present. Judging from the relationship 
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found between kernel texture and protein content in connection 
with this study it is reasonable to believe that if the analysis for 
kernel texture in these samples had been based on a method more 
indicative of the true relative hardness of the kernels an even closer 
relationship would have been apparent, and that the difference 
existing between the estimated and the actual protein contents would 
have been materially decreased. 

CORRELATION' OF KERNEL TEXTURE AND PROTEIN CONTENT 
WITH TEST WEIGHT 

The relationship of kernel texture and protein content to test weight 
was approached by gross and multiple linear correlation methods. 
The results of these studies are given in Table 10. Since the corre¬ 
lation of test weight to protein content has already been discussed 
it need not be considered further. 

In correlating kernel texture with test weight a gross coefficient of 
— 0.0953 and a"net coefficient of -r 0.0351 were found. These insig¬ 
nificant coefficients show no correlation between these two grading 
factors. 


Table 10.— Gross and net correlation of kernel texture and protein content with test 

weight 


Item 

, Coefficient of gross 
i correlation 

Coeffi¬ 
cient of 
net cor¬ 
relation 

Coeffi¬ 
cient of 
multiple 
correla¬ 
tion 

Test weight correlated with— 

Kernel texture____ 

Protein content. 

_ 1 -0 0953±0 01S6 

__-0. 2315±0.0178 

4-0.0351 
| -0.2147 

} 0.234 


SUMMARY 

Data from 1,290 representative samples of hard red spring wheat 
were studied by gross, net, and multiple linear correlation methods 
and by multiple curvilinear methods to determine the relationship 
of kernel texture, test weight, and protein content. 

A fairly strong tendency was noted for protein content to increase 
as the percentage of dark, hard, and vitreous kernels increased. 
This relation was curvilinear in character, and was pronounced in the 
samples having a high percentage of dark, hard, and vitreous kernels. 

A significant correlation was found between test weight and protein 
content. The tendency was for protein to increase as the test 
weight increased in wheats weighing less than 54 pounds, but in 
wheats weighing more than 54 pounds the tendency was for protein 
to decrease as the test weight increased. 

Forty-four per cent of the variation in protein was found to be due 
to the combined influence of these two grading factors. Kernel 
texture, however, was considerably more important than was test 
weight. 

A method is presented for estimating the protein content when the 
kernel texture and test weight are known. By the use of this method 
the estimated protein content of 68 per cent of the samples would 
be within 1.7 per cent of the actual protein value. 

No correlation w*as found between test weight per bushel and 
kernel texture. 
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as Food L. M. Bertholf. 429-452 

Tapeworm, Reared to Maturity m Dog, 
Experimentally, Cause of Subcutane¬ 
ous Tumor in a Primate* Benjamin 

Schw*artz.-.. 471-480 

Lath yr us odoratus, inoculation experi¬ 
ments..-.-.— 1048-1051 

Latshaw\ W. L., and Zahnley, J. W.: Ex¬ 
periments w’lth Sodium Chlorate and 
Other Chemicals as Herbicides for Field 

Bindw*eed. 757-767 

Leaching, effect on quality of sweet corn 

seed. 147-166 

Lead Arsenate and Lime Spray Mixtures, 

A Study; P. A. Van der Meulen and E. 

R. Van Leeuwen.313-321 

Leaf mottling, tobacco. See Mosaic, to¬ 
bacco. 

Legumes, inoculation with red clover 

nodule bacteria... 918-919,921,923 

Leighty, Clyde, E., and Taylor, J. W Stud¬ 
ies in Natural Hybridization of Wheat.. 865-887 
Lens esculenta. See Lentil. 

Lentil, inoculation experiments. 1051-1052 

Lesions, Nodular, m Spleen of Swine 
Caused by Actinomyces Infection. G. T. 

Creech. 835-841 

Lilac, nema parasite in roots. 975 

Lily-of-the-valley, root parasite.. 961-967 

Lime Spray and Lead Arsenate Mixtures, 

Study: P. A. Van der Meulen and E. R. 

Van Leeuw*en.. 313-321 

Lindstrom, E W.; Woodworth, C M.;and 
Cole, L. J * Selection for Quality of Oil m 

Soy Beans... 75-95 

Linen fibers, screening effect on ultra-violet 

rays... 254-259 

Lipoid phosphorus. See Phospholipins. 

Livestock, feeding experiments with alfalfa 

hays. 364-381 

Longley, A E.* Supernumerary Chromo¬ 
somes m Zea mays ... 769-784 

Lueretia dewberry See Dewberry. 


Kafir Silage, Utilization of Grain in, by 
Dairy Cow*s* E. B. Becker and Willis 

D. Gallup. 279-282 

Kearney, Thomas H„ and Harrison. 

George J.: Inheritance of Smooth Seeds 

in Cotton.. 193-217 

Ketnpton, J. H.: Age of Pollen and Other 
Factors Affecting Mendelian Ratios in 

Maize. 39-74 

Kernel Texture, Wheat, Hard Red Spring, 
Correlation with Protein Content and 
Test Weight per Bushel: J. H. Shollen- 

berger and Cormne Failyer Kyle.1137-1151 

Kick, C. H„ and Mitchell, H. H.: The 
Supplementary Relation between the 
Proteins of Corn and of Tankage Deter¬ 
mined by Metabolism Experiments on 

Swine. S57-864 

Kraut. See Sauerkraut. 

Kriss, Max; Braman, Winfred W.; Jeffries, 

C. D.; Swift, R. W.; French, Rowland 
B.; Miller, Russell C.; Smythe, C. V., 
and Forbes, E. B.. The Influence of Po¬ 
sition of Cattle, as to Standing and Lying, 

on the Rate of Metabolism.I_ 947-960 

Kyle, Connne Failyer, and Shollenberger, 

J. H.* Correlation of Kernel Texture, 

Test Weight per Bushel, and Protein 
Content of Hard Red Spring Wheat... 1137-1151 


MeConkie, J. E.; Vaughn, W. E.; Par- 
mele, H. B.; Fred, E B.; and Peterson, 

W. H.: Relation of Temperature to Rate 
and Type of Fermentation and to Quality 

of Commercial Sauerkraut. 1021-1038 

McKinney, H. H.— 

Factors Affecting Certain Properties of a 

Mosaic Vims. 1-12 

Quantitative and Purification Methods 

m Virus Studies. 13-38 

Maize— 

breeding, factors affecting Mendelian 

ratios. 39-73 

chromosomes, study in mother cells_ 769-783 

gametes, viability of waxy and sweet 

genes. 50-56 

gametic ratios m stored pollen. .. 68-73 

Mendelian Ratios m, Age of Pollen and 
Other Factors Affecting: J. H. Kemp- 

ton. 39-74 

seeds— 

color factor, effect of stored pollen... 64-68,71-72 
waxy and horny, ratio m heterozygous 

parents. 42-48,71 

silk length, study in relation to seed char¬ 
acters. 48-50 

See also Corn. 

Martin, John H.: Comparative Studies of 
Winter Hardiness m Wheat. 493-535 
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Mendelian— ■ Page 

inheritance, basis of theory_ 39 

Ratios m Maize, Age of Pollen and Other 
Factors Affecting- J. H. Kempton- 39-74 


Metabolism- 

Cattle, Rate, Influence of Position as to 
Standing and Lying on- E B Forbes, 
Max Kriss, Winfred W. Braman, C. D. 
Jeffries, R. W. Swift, Rowland B. 
French, Russell C. Miller, and C. V. 


Smythe._ 947-960 

cows, changes produced in feeding experi¬ 
ments.. 633-635 

Nitrogen Compounds in Dormant and 
Nondormant Potato Tubers. William 

Newton. 141-146 

Swine, Experiments on to Determine the 
Supplementary Relation between the 
Proteins of Corn and of Tankage- C. H. 

Kick and H. H. Mitchell... 857-864 

Milk- 

composition— 

effects of fasting period of cow.. 638-644 

relation to composition of feed. 627-628 

lactation curve theory. 238-243 

production, deferred short-time test for 

dairy cows. 237-248 

sickness, cause, etc , study. 547-576 

Vitamin B Content, Relation to (Vitamin 
B Content of) Feed Eaten. S. I. Bech- 

del and Hannah E. Honeywell. 283-288 

Yield— 

and Composition, The Effect of Inani¬ 
tion of Cow upon: 0. R. Overman 

and K. E. Wright_ 637-644 

effects of fasting period. 640-644 

relation to composition of feed. 629-633 

Miller, Russell C ; Smythe, C V , Forbes, 

E. B ; Knss, Max, Braman, Winfred W., 

Jeffries, C. D.,* Swift, R. W ;and French 
Rowland B : The Influence of Position 
of Cattle, as to Standing and Lying, on 

the Rate of Metabolism... 947-960 

Millet, Japanese, growing, relation between 
water and potash supply. 939-946 


Mitchell, H. H , and Kick, C. H : The 
Supplementary Relation between the 
Proteins of Corn and of Tankage Deter¬ 
mined by Metabolism Experiments on 

Swine. 857-864 

Moisture- 

content, wheat, study.. 501-505,527-528 

soil- 

effect on development of wheat mosaic, 590-597, 

610-611 

relation to winterkilling of wheat.... 937 

See also Humidity. 

Mold, oranges, relation to temperature-- 925-931 
Monococco-glutemn, comparative study... 1097, 
1103-1104,1115,1117 

Monosaccharides, feeding to bee larvae, 
results..... 436-437,449,450-451 


Monteith, John, ir , Wellman, F, L.; and 
Walker, J C. Development of Three 
Midseason Varieties of Cabbage Resis¬ 
tant to Yellows (Fusanum conglutinans 

Woll)..... 785-809 

Morse, Fred W.* Relation between Water 

and Potash m Plant Production. 939-94G 

Mosaic- 

cause of structual changes m solanaceous 

plants. 653-669 

Disease, Soil Factors Influencing the 
Development of, in Winter Wheat* 

Robert W. Webb. 587-614 

infection, influence of period of exposure. 599-605 
tobacco- 

factors affecting certain properties of 

virus. 2,3-10 

plant-culture methods of study. 15-25 

toxicity of plant extracts to. 6-10 

virus studies, methods. 15-36 

Virus- 

Factors Affecting Certain Properties of* 

H H McKinney. 1-12 

mnoculation experiments on tobacco 

plants. 17-25 

quantitative and purification methods 

in studies.. 13-3S 

resistance to cold. 611 


Mosaic—Contained 
Virus—Continued. 

thermal inactivation, factors affecting- 3-10 

tobacco, factors affecting potency. 3-10 

wheat- 

development, effect of seeding date_ 596-598 

development, effect of temperature and 

moisture of soil. 592-595, 612 

Moth- 

bud— 

damage by m Pennsylvania. 347-348,359 

Spilonota ocellana , D. & S , Life His¬ 
tory, Notes. S. W Frost.. 347-359 

Pme Tip— 

m the Nebraska National Forest. Sam¬ 
uel A. Graham and Lynn G.Baum- 

hofer. 323-333 

parasites in Nebraska. 330-332 

Mottling— 

leaf, of tobacco. See Mosaic, tobacco 
wheat. See Mosaic, wheat. 

Multiceps— 

serialis var. theropitheci , host relation¬ 


ships, study. 471-480 

spp., description. 473-474 

Mycosphaerella lythracearum n sp.— 

cause of pomegranate blotch.. 466-469 

description and life history. 466-468 


Myz us fragaefolh. See Aphids, stra wherry. 


Nebraska National Forest, The Pine Tip 
Moth in. Samuel A. Graham and Lynn 

G. Baumhofer. 323-333 

Nemas— 

orchid parasites, description. 976-981 

soil, injury to corn seedlings- 970-973 

Tt/lenchus pratemis and Other, Attacking 

Plants. G Steiner. 901-981 

See also Nematode 
Nematode— 

root-knot, reactions of freesias toward.. 973-974 
sugar-beet, similarity to root-knot 

nematode. 973-974 

See also Nemas. 

Neurospora— 

Ascomycete, Heterothallism and ITomo- 
thallism, Nuclear Phenomena Associ¬ 
ated with. B. O Dodge- 289-305 

spp., sex factors, segregation_ 300-303 

tetrasperma, nuclei, behavior. 289-305 

Newton, William. Metabolism of Nitrogen 
Compounds m Dormant and Nondor¬ 
mant Potato Tubers.-. 141-146 

Nitrates, effect on dormancy of potato 

tubers..__ 144-145 

Nitrogen- 

Applications to Land, Cause of Either 
Increase or Decrease in Protein Content 

► of Wheat* W. F. Gencke.133-139 

cereal glutenms, distribution and value.._ 1100- 

1111,1113-1117 

Compounds, Metabolism, in Dormant 
and Noudonnant Potato Tubers: 

William Newton. 141-146 

Constituents of Corn Pollen: Carl G. 

Vinson.... 261-278 

fixation by Bacillus radicicola, study. 918,919,921 
metabolism- 

livestock, studies with alfalfa. 379-381 

studies on pigs. 857-863 

plant, study in chemical control of opti¬ 
mum fertilization. 187-189 

use in experiments with Bacillus radici- 

cola . 921-923 

Nodular Lesions, in Spleen of Swine Caused 
by Actinomyces Infection. G. T. Creech. 835-841 
Nodule, Root, Bacteria, of Pea Group, 

Strain Variations and Host Specificity of 
G E. Helz, I. L. Baldwin and E. B 


Fred. 1039-1055 

Nuclear Phenomena Associated with 
Heterothallism and Homothallism in 
the Ascomycete Neurospora: B. O. 

Dodge. 289-305 

Nutrition, livestock, experiments with 
alfalfa hay. 363-381 


Oats— 

Bacterial Stripe Blight of: Charlotte 


Elliott.. 811-824 

blighting, symptoms. 811 
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glutelms, comparative study.109-1-1096, 

1097,1106-1107, i 1 lo-ll 17 
inoculation with blight fungi and results.. 815-SIS 
Od'jiterus catslilkm s predator of bud 

moth.... 359 

Oil- 

chemical composition of seeds producing. < * -18 
content of seeds, experimental results.. lOGo-lOW 

iodine number, defintian. "6 

Selection of Soy Bean for Quality of. L. J. 

Cole, E. W Lindstrom, and C. M. 

Woodworth. 75-95 

soy-bean— 

chemical analyses, results. S1-S2 

iodine numbers, effects of selection- Sl-89 

relation between quality and quantity 

m selection experiments.. 90-92 

use m pamt manufacture. 75,76 

Oils, vegetable, iodine numbers. 76,78-79,82 

Oranges, mold--, relation to temperature.. 925-931 
Orchards, peach, effects of lead arsenate 

and lime spray mixture.317-321 

Orchids, nema parasites of roots, descrip¬ 
tion. 976-9S1 

Oryzemn, comparative study. 1097, 

1110,1115,1117,1118 

Osteoporosis, cause m dairy cows..... 625 

Overman, O. JR., and Wright, K. E.: The 
Effect of Inanition upon the Yield and 
Composition of Cows' Milk. 637-644 


Paradichlornbenzene— i 

as an Anthelmintic. G Dikmans_ 645-649 [ 

as anthelmintic, effect on edibility of 

meat.. 64S-649 

toxicity to animals. 648 

Parasites— 

doc, result of tapeworm larvae. 474-476 

intestinal— 

cause of tumor in baboon. 471-473 

host relationships. 474-480 

removal with paradichlorobenzene. 045-049 

pine tip moth, Nebraska National Forest. 330-332 
soil nemas as.. 970-973 


Parrnele, H B.; Fred, E. B.; Peteison, 

W. H.; McConkie, J. E.; and Vaughn, 

W. E.: Relation of Temperature to Rate 
and Type of Fermentation and to Quality 

of Commercial Sauerkraut. 1021-1035 

Peach— 

disease-producing parasite, Baden it m 

PTuni .219-221 

orchards, effects of lead arsenate and lime 

spray mixtures.317-321 

Peaches, canning, behavior of anthocyan 

pigments. 107,105,109-112 

Pear- 

breakdown— 

characteristics. .. 954 

Occurrence of Acetaldehyde in Bart¬ 
lett Pears and Its Relation to: C. P. 

Harlej. and D. F. Fisher. 953-993 

scald— 

characteristics. 9S4 

Occurrence of Acetaldehyde m Bart¬ 
lett Pears and Its Relation to: < 1 P. 

Harley and D. F. Fisher. 953-933 

Fears— 

acetaldehyde content, analysis for.955-991 

Bartlett, Occurrence of Acetaldehyde in 
and Its Relation to Scald and Brea! * 
down C. P. Harley and D F Fisher 983-993 
cold storage, relation of scalding to acet¬ 
aldehyde content. 98S-ite7,990-991 

Peas— 

inoculation with various cultures, re¬ 
sults. .. 1043-1047 

phospholipin content and its relation to 

other constituents. 1007,100S 

root-nodules, strain specificity, demon¬ 
stration. 1043-1053 

Strain Variations and Host Specificity of 
Root-nodule Bacteria of: G. E. Helz, 

I. L. Baldwin, and E. B. Fred. 1039-1055 

Pectase, presence in corn pollen. 275 


PeniciVunn — rag 

dwtatum , Growth, Relation to Temper¬ 
ature and to Citius Fiuit Decay Pro¬ 
duced H. S. Fawcett and W. R. 

Baiger.-.-- 925-931 

italicuin. Growth, Relation to Temper¬ 
ature and to Citrus Fruit Decay Pro¬ 
duced. H. S. Fawcett and W. R. 

Barger.-.-.— 925-931 

Perideim, wound formation in potato 

tubei.-.-.- 995-1000 

Peterson, W H.; McConkie, J. E.; 
Vaughn, W E ; Parmele, H. B ; and 
Fied, E. R Relation of Temperature to 
Rate and Type of Fermentation and to 


Quality of Commercial Sauerkraut— 1021-1038 
Phillips, E. F : The Utilization of Car¬ 
bohydrates by Honeybees... 385-428 


Phospholipms in Seeds, Some Relations of 
to Other Constituents’ N. B. Guerrant. 1001-1019 
Phosphorus— 

, t ‘ . __ i_trn_x n _31_ 


Absorption by Wheat Seedlings, Effect 
of Hydiogen ton Concentration on. 

Jehiel Davidson. 335-346 

balance in feed of cows, experimental 

results.-.... 633-635 

content of seeds, ex pa: imental results.. 1005-1017 
lipoid. See Phosphoiipins 
plant, study in chemical control of opti¬ 
mum fei tihzation. 190-191 

yield of iirigated alfalfa hay—... 378-379 

Pigments, Anthocyan, Behavior in Can¬ 
ning* Charles W. Culpepper and Joseph 

S. Caldwell. 107-132 

Pigs. See Swine. 

Pme— 

Tip Moth, in Nebraska National Forest: 


Samuel A. Graham and Lynn G. Baum- 

hofer..... 323-333 

western yellow, taper curves, form-class.. 678-683, 
698,708,711,726-739,740,741 

Pinus spp., injury by tip moth_ 325-326 

Plakidas, A. G. Strawberry Xanthosis 
(Yellows), a New Insect-borne Disease. 1057-1090 


Plant- 

Production, Relation between Water and 

Potash in: Fred W Morse. 939-946 

Solution, Current Mineral Nutrient Con¬ 
tent as a Possible Means of Chemical 
Control of Optimum Fertilization. 

Basil E. Gilbert and Leo J. Hardin_185-192 

Plants— 

Absorption, The Effect on the Concentra¬ 
tion of the Soil Solution: Carl S. Sco¬ 
field... 745-756 

inoculation with legume bacteria, study. 915-924 


Nemas Attacking, Tvlenchm pratensis 

and Various Other: G. Steiner. 961-981 

solanaeeous, Virus Diseases of, Cytologi- 

eal Studies on. Isme A. Hoggan... 651-671 

solution content, correlation with fertili¬ 
zation... 187 

Plum, disease-producing parasite, Bade - 

ruim pruni .2X9-221 

Poisoning, honey, report of occurrence. 422 

Pollen- 

Age of and Other Factors Affecting Men- 
delian Ratios m Maize: J. H. Kempton 39-74 

chemical analysis, historical review. 261-262 

corn- 

chemical analysis and results. 263-275 

nitrogen content, determination experi¬ 
ments. 262-275 

Some Nitrogenous Constituents of: 

Carl G. Vinson. 261-278 

maize- 


storage, effect on gametic ratios. 68-73 

storage, effect on color and waxiness... 67-68, 

72-73 

storage, effect on viability. 56-64,70-73 

viability- 

effect of storage. 56-64,70-73 

relation to chromosome numbers. 782,783 
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Polysaccharides, feeding to bee larvae, re¬ 
sults. 445-446,449,450-451 

Pomegranate blotch. See Blotch, pome¬ 
granate. 

Pool- 

root. See Richweed. 
wort. See Rich weed. 

Poole, R. F.: A Root Rot of Lucretia Dew¬ 
berry Caused by a Variety of Collybia 


dryophila Fr. 453-464 

Pop corn- 

experiments on popping quality.617-623 

Popping Quality, Factors Affecting: J. 

G. Willier and Arthur M. Brunson_615-624 

Potash, Relation to Water in Plant Produc¬ 
tion: Fred W. Morse. 939-946 

Potassium, Absorption by Wheat Seedlings, 

Effect of Hydrogen-ion Concentration 

on: Jehiel Davidson. 335-346 

Potato- 


tuber, suberization process, description. 995-1000 
Tubers, Dormant and Nondormant, 
Metabolism of Nitrogen Compounds: 

William Newton. 141-146 

virus diseases, study of cell structure_ 662-667 

Wound Periderm Formation m, as Af¬ 
fected by Temperature and Humidity: 

Ernst Artschwager. 995-1000 

Primate, Subcutaneous Tumor in, Caused 
by Tapeworm Larvae Experimentally 
Reared to Maturity m Dogs: Benjamin 

Schwartz. 471-480 

Protein- 
content of— 

seeds, experimental results__ 1005-1017 

soy-bean, percentage m different varie¬ 
ties. 78 

Wheat, Increase or Decrease Caused by 
Applications of Nitrogen to Land- 

WLF.Gerieke-. 133-139 

wheat, estimation. 1147-1150 

Wheat, Hard Red Spring, Correlation 
with Kernel Texture and Test Weight 
per Bushel, J. H. Sholienberger and 
Cormne Failyer Kyle. ..1137-1151 


Proteins— 

Corn and Tankage, The Supplemen¬ 
tary Relations between, Determined by 
Metabolism Experiments on Swine: 

H. H. Mitchell and C. H. Kick. 857-864 

See also Glutelms; Glutenins. 

Pumca granatum, blotch of, study. 465-469 

Quack grass- 

seed identification. 544-546 

Seeds, Comparison with Certain Wheat 

Grasses: Helen H. Henry.. 537-546 

Quinhydrone electrode, determination of 
hydrogen-ion concentration of soils . 825-834 

Rabbit, host of tapeworms. 478-479 

Rainfall, effect on natural hybridization of 

wheat. 881-883 

Rations See Feeds. 


Reineke, L, H : A Modification of Bruce’s 
Method of Preparing Timber-yield 

Tables. 843-856 

Respiration, wheat, experiments. 521-522 

Mizopus nigricans , cause of decay of cotton 

bolls.310-311 

Khyaciona frustrana bushnielU. See Moth, 
pine tip. 

Rice, glutenin, comparative study. 1097, 

1110,1115,1117,1118 

Richweed (Eupatormm urticaefolwm), or 
White Snakeroot, The Toxic Constitu¬ 
ent of: James Fitton Couch. 547-576 

Ripening, pears, relation to acetaldehyde 

content. 986-990 

Root nodules— 

pea, strain specificity, demonstration.. 1043-1053 

position on roots, benefit to plants. 1044,1053 

Root rot. See Hot, root. 

Root-knot nematode, reactions of freesias 
toward. 973-974 


Page 

Root-nodule Bacteria of the Pea Group, 

Strain Variations and Host Specificity 
of. G. E. Helz, I. L. Baldwin, and E. B. 

Fred. 1039-1055 

Roots, aerial, of vanilla, inoculation 

method.1131-1132 

Rosette, wheat. See Mosaic, wheat 

Rot, black, of sugar cane, fungus causing.. 577-585 

Rot, root- 

dewberry, symptoms and cause. 455-460 

of Lucretia Dewberry Caused by Variety 
of Collybia dryophila Fr.: R. F. Poole.. 453-464 

Vanilla. C. M. Tucker.1121-1136 

Rots, soft, of citrus fruits, relation to tem¬ 
perature. 925-931 

Roundworms, removal from dogs with 

paradichlorohenzene. 646-648,649 

JRubus procumbens Muhl. var. roiibaccus. 

See Dewberry. 

Rye— 

glutelm, comparative study.. 1094, 

1097,1104-1106,1115,1117 
hybridization, natural, with wheat.. 875,876,885 
winter hardiness, comparison with wheat.502-504, 
507-508, 511-516,518,520-525,529,531,532. 


Salmon, S. C„ and Hill, Donald D.: The 
Resistance of Certain Varieties of Winter 
Wheat to Artificially Produced Low 

Temperatures. 933-937 

Salt, iodized— 

feeding, recommendations. 182 

Loss of Iodine, Factors Influencing: 

Arnold H. Johnson and B. L. Herring¬ 
ton.-.167-183 

Salts, absorption by plants, effect on soil 

solution... 745-756 

Sartoris, George B.: A Cytological Study of 
Ceraiostomella adiposum (Butl.) Comb. 

Nov., the Black-rot Fungus of Sugar 

Cane__.'. 577-585 

Sauerkraut- 

Commercial, Temperature of, Relation 
to Rate and Type of Fermentation and 
to Quality of: H. B. Parmele, E. B. 

Fred, W. H. Peterson, J. E. McConkie, 

and W. E. Vaughn. 1021-1038 

reduction of methylene blue during fer¬ 
mentation_ 1033,1035 

temperature changes during fermenta¬ 
tion_ 1023-1025 

Scald, pear. See Pear scald. 

Schwartz, Benjamin: A Subcutaneous 
Tumor in a Primate Caused by Tape¬ 
worm Larvae Experimentally Reared 

to Maturity in Dogs.. 471-480 

Scofield, Carl S.: The Effect of Absorption 
by Plants on the Concentration of the 

Soil Solution. 745-756 

Secalenin, comparative study. 1094, 

1097,1104,1106,1115,1117 

Seed- 

Barley— 

Dehulling with Sulphuric Acid to 
Induce Infection with Covered Smut: 

Fred N. Briggs. 907-914 

inoculation with smut, experimenta¬ 
tion.. 907-914 

cabbage, propagation. 788-789 


corn— _ 

germination, optical tests, value. 

Sweet, Quality Determination by 
Means of the Optical Measurement of 
Leached Materials: Charles F. 

Hottes and Walter A. Huelsen. 

vigor, optical tests, value. 

cotton, linkage of characters. 

Seed-coat, cotton, character, inheritance in 

cross-breeding... 

Seedlings— 

corn, soil nemas as parasites. 

*W hea t*_ r 

Absorption of Phosphorus and Potas¬ 
sium by, Effect of Hydrogen-ion Con¬ 
centration on: Jehiel Davidson. 

age, effect on absorption. 
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Wheat—Continued, 
sterilization, effect on development of 


mosaic___ 602-609,613 

susceptibility to mosaic... 595-609,612 

Seeds— 

constituents, srudy- 1001-1019 

dieestion bv cows, experiments and 

results_ 279-2S2 

germination, effect on phosphorus and 

~ other constituents...-.1011-1017 

maize. Sec Maize seeds, 
oil-producing— 

chemical composition. 77-78 

iodine numbers of oil from.76,78-79,82 


Phosphulipms in. Some Relations of to 
Other Constituents X. B. Guerrant. 1001-1019 


Quack, grass— 

and Certain Wheat Grasses, Compari¬ 
son Helen H. Henry. 537-546 

identification.. 544-546 

smooth. Inheritance in Cotton- Thomas 
H Kearney and George J Harrison.. _ 193-217 
Sex factors, segregation in aseomj. cete Neu- 

rnspora..-. 296-303 

Shapovalov, Michael: The Two Most 
Common Decays of Cotton Bolls in the 

Southwestern States. 307-312 

Sheep, feeding experiments with alfalfa 


Shollersherger, J H., and Kyle, Cormne 
Failyer Correlation of Kernel Texture, 


Test Weight per Bushel, and Protein 
Content of Hard Red Spring Wheat... 1137-1151 
Silage, Kafir and Cane. Utilization of Gram 
in, by Dairy Cow*. R. B. Becker and 

Willis D Gallup.. 279-282 

Mlfc fibers, screening effect on ultra-violet 

rays.-.. 254-259 

Skm, Protection Afforded against Sunburn 
by Textile Fibers Katherine Hess, J 
O Hamilton, and Margaret Justin— 251-259 
Smut— 

cotton bolls, study. 307-312 

Covered, of Barley, Infection Induced 
by Dehullmg Seed with Sulphuric 

Acid Fred X. Briggs.. 907-914 

SmjTfae, C V.: Forbes. E. B.; Knss, Max; 
Braman, Winfred W„; Jefferies, C. D.; 

Swift, R. W : French, Rowland B ; and 
Miller, Russell C : The Influence of 
Position of Cattle, as to Standing and 
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